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Page  liv,  line  5,  for  Utter  rtai  lul. 
„        8,  line  90.  far  it  nad  the  clialk. 

n      32,  line  ^  for  Pnlnonlologicol  rtad  Poison  tograpbical. 
„      37.  line  ri.  Sfle  total. 

„      49,  woodout.  Ilic  rocl«  mntked  i  should  liavo  been  reprwented  is  con- 
forinahly  underljing  the  Bmall  B}'Dcliniil  in  the  middle  of  tlie 


Ql,  lin< 


II.  rfr/f  llw;  111 


wof. 


160,  fig.  4.  rigbl-hnnd  end  of  (ectinn,  n«>r  ba«o-line,  add  I, 
,.     Rg.  f>.  IcR-hand  md  nf  spction,  n«r  baw-linr,  add  I. 

179,  line  !t  from  bottom,  foot-note,  and  elsevbere,  for 
intraglacMal. 

223,  end  of  line  fi,  add  hare. 
.    287,  dcwriplion  of  woodcut,  add  P,  Faalt  or  «lip. 

3Ki,  line  II  from  bottum,  for  it  flamn  ;  Hhooljng  read  it ;  flimc*  aliooting. 
,     421.  line  30;  for  nortb-west  rrad  north-eaat. 
,    437,  line  16  from  bottom,  for  N.  10°  E.  nad  E.  10"  N. 
,     446,  line  10  in  tsble,  and  elspubere,  for  EnlorooB  rtad  Enloniia. 

454,  line  27,  for  Painton  rnd  Paignton. 

4G(>,  line  4,  for  sbow  read  ahowi. 

474,  woodmt,  the  chalk  sbouhl  bave  been  npnuented  conformable  to  the 

nnderljing  Osull.  and  the  bigh-inclinalion  PnloMoic  rock*  riiould 
h&Te  been  continued  beneath  tbe  acn-lerel. 

475,  line  11  from  bottom,  ajtrr  ^Teald  intcrt  Chiy. 
&66,  beginning  of  line  2A,  intrrt  on. 

574,  line  5,  afier  Tertiaiy  add  Bedi. 


GEOLOGICAL  SOCIETY  OF  LONDON. 


ANNUAL  GENERAL  MEETING,  FEB.  21,  18G8. 


REPOKT  OP  THE  COUNCIL. 

The  Council  of  the  Geological  Society,  in  prascnting  their  Annual 
Report  to  the  Fellows,  liavo  more  cause  than  usual  to  congratulate 
them  on  the  increasing  prosperity  of  the  Society,  although  the 
monetary'  pressure  of  the  last  twelve  months  lias  produced  a  tem- 
porary diminution  of  the  receipts. 

During  the  year  18G7  the  number  of  the  Society  has  ])een  in- 
creased by  the  election  of  no  less  than  62  new  Fellows ;  of  these,  55  . 
h:id  paid  their  fees  up  to  the  end  of  the  year,  making  with  5  pre- 
viously elected,  who  paid  their  fees  in  1867,  a  total  increase  of  60 
new  Fellows.  On  the  other  hand,  the  Society  has  sustained  the  loss 
of  22  Fellows  by  death  and  of  2  by  resignation,  making  a  net  in- 
crease of  36  ordinary  Fellows. 

One  Foreign  Member  has  been  elected  in  the  place  of  one  deceased, 
and  one  Foreign  Correspondent  has  been  elected  in  place  of  the  one 
elected  to  fill  the  vacancy  in  the  list  of  Foreign  Members. 

The  total  number  of  the  Society  at  the  close  of  1866  was  1149; 
and  at  the  close  of  1867,  1185. 

The  expenditure  of  the  past  year  has  exceeded  the  income  by  the 
sum  of  jCIS  1*.  Sd.  This  excess  is  less  than  might  have  been  ex- 
pected from  the  falling  off  in  the  receipts  under  the  heads  of  Com- 
positions and  Annual  Contributions ;  but  as  this  falling  off  is  merely 
the  result  of  deferred  payments,  it  is  probable  that  the  receipts  of 
the  Gorrcnt  year  will  show  a  corresponding  increase.  The  number 
of  Contributing  Fellows  is  now  469,  and  their  annual  payments 
should  reach  the  sum  of  £900,  whereas  during  the  past  year  not 
quite  three-fourths  of  that  amount  was  collected  under  the  head  of 
Annual  Contributions. 

The  Expenditure  has  been  somewhat  increased  by  the  yolnme  of 
the  Quarterly  Journal  having  been  unusually  bulky.     The  amount 
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to  the  credit  of  incomf  for  1867  has  also  been  diminished  by  the 
transfer  from  income  to  capital  of  the  monej'  advanced  oa  account 
of  the  Bequest  ITund  in  preWous  years. 

The  funded  property  of  the  Soeictj'  has  been  increased  by  the 
investment  of  .£300  in  Consols,  aai  now  reaches  the  sura  of  iMSliO, 

The  Council  hare  to  announce  the  completion  of  Vol.  XXIII.  of 
the  Quarterly  Journal,  indudiug  a  Supple racntirj-  Number  published 
in  December,  and  tho  publicatiou  of  the  first  part  of  Vol.  XXIV. 

Tbey  have  also  to  announce  tho  appointment  of  Mr.  W.  W. 
Leighton  to  tho  ofSce  of  Clerk,  rendered  vacant  by  tho  resignation 
of  Mr.  R.  Fenton ;  and  of  Mr.  W.  Stephen  Mitchell  and  Mr.  Wydncj- 
B.  J.  Skertchly  as  Museum  and  Library  Assistants,  in  tho  room  of 
Mr,  R.  Tatt'  and  Mr.  Horace  Woodward,  who  resigned  their  re.speetive 
posts  last  September. 

The  Council  have  awarded  the  Wollaston  Medal  (o  Professor  Carl 
F.  Naumann  of  Leipzig,  in  recognition  of  his  labours,  extending  over 
nearly  half  a  century,  in  the  de]>aTtmentii  of  (Jeology,  Mineralogy, 
and  Crystallograiihy,  and  eBi)ociiilly  for  the  admirable  serica  of  Geo- 
logical f>nrveys  of  iSaxony  and  adjoining  countiics,  executed  by  him- 
self and  hw  coadjutors  between  the  j'eara  1830  and  1S43,  and  for 
the  great  standard  work  on  Geology  {'  Lohrbuch  der  Oeognosic'), 
which,  with  the  excellent  courses  of  lectures  delivered  by  him  at 
Freibui^  and  at  Leipzig,  has  exercised  a  powerful  influence  on  the 
education  of  the  newer  generation  of  eontinentiJ  geologists. 

The  balance  of  the  proceeds  of  tho  Wollaston  Pund  has  been 
awarded  to  M.  J.  Bosijuet,  of  Macstrieht,  in  aid  of  the  valuable 
researches  on  the  Tertiary  and  Cretaceous  ^lollusca,  Eiitomostraca, 
and  other  foflsils  of  Holland  and  Belgium,  on  which  ho  has  been  so 
long  and  successfully  engaged. 

S^rt  of  the  Library  and  Museum  Committee,  1867-68. 
T?ie  Muecttm. 

The  additions  made  to  the  Foreign  ptnlian  of  the  Society's  Museum 
during  the  past  year  include  a  collection  of  fossils  from  the  Oxfordian 
and  Callovian  strata  of  Poland,  presented  by  M,  Zeuschner ;  a  col- 
lection of  rocks,  fossils,  and  spccimcnB  of  coal  from  the  Eosteni 
Hemisphere,  presented  by  Dr.  C.  Collingwood,  F.L.b. ;  a  collection 
of  fossil  Corals  from  Trinidad,  presented  by  Dr.  P.  Martin  Duncan, 
Sec.  G.'S. ;  a  collection  of  Devonian  foesils  from  the  Khenish  Pro- 
■rinccB,  presented  by  the  late  W.  J.  Hamilton,  Esq.,  F.R.8.,  F.G.B. ; 
and  single  specimens  fivtm  St.  Helena,  presented  by  J,  H.  Blofcld, 
Esq.,  F.G.S. ;  as  well  as  &om  the  Sewalik  Hills,  presented  by  Capt. 
F.  G.  B.  Porker,  F.G.B. ;  and  ft«m  Sombrero,  presented  by  H.  W. 
Bristow,  Esq.,  F.R.8.,  F.G.8. 

Among  the  speciniCDS  in  tho  British  portion  of  tho  Museum,  which 
hove  been  rew'ivcd  during  the  year,  arc  a  coUcction  of  rocks  from 
Bala,  presented  by  H.  T.  BichardAon,  Esq. ;  and  a  collection  of  fossils 
turn  the  Linguk  Flags  and  Iremadoo  Slates,  presented  by  T.  Ash, 
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£sq.  In  this  portion  of  the  Mosoum  the  naming  and  remounting  of 
the  collection  of  Ked  Crag  fossils  has  been  completed,  and  the  re- 
arrangement of  the  collection  of  Eocene  fossils  has  been  commenced. 

More  attention,  however,  has  been  given  to  the  Foreign  portion  of 
the  Museum :  in  the  earlier  part  of  the  year  the  collections  of  Cre- 
taceous fossils  from  Eaxoe,  of  Miocene  and  Pliocene  fossils  from 
Italy,  and  of  Senonian,  Cenomanian,  and  Neocomian  fossils  from 
France,  were  cleaned,  remounted,  and  to  a  great  extent  renamed. 
These  extra-British  fossils  occupy  13  drawers,  and  represent  the 
work  done  in  the  Foreign  portion  of  the  Museum  from  the  last 
Anniversary  until  the  close  of  last  Session, — the  work  in  the  Museum 
having  been  since  temporarily  suspended,  chiefly  owing  to  Mr.  Tate's 
resignation  in  the  summer. 

The  Committee  wish  to  reexprcss  the  opinion  of  the  standing 
Library  and  Museum  Committee,  given  at  the  close  of  last  Session, 
as  to  the  desirabihty  of  the  Society  possessing  specimens  in  illustra- 
tion of  papers  published  in  the  Quarterly  Journal,  and  to  suggest 
that  in  future  the  Assistant  Secretary's  letter,  acknowledging  the 
receipt  of  communications  to  the  Society,  should  contain  the  follow- 
ing paragraph : — 

"  The  Society  would  be  glad  to  receive  and  arrange  in  their 
Museum  any  specimens  which  you  can  spare  to  illustrate  your 
paper." 

While  on  this  part  of  the  subject,  this  Committee  beg  to  recom- 
mend that  the  Library  and  Museum  Assistants,  under  the  direction 
of  the  Assistant-Secretary,  should,  as  far  as  possible,  select  and 
separately  arrange  such  specimens  in  the  Museum  as  have  been 
already  presented  in  illustration  of  papers  read  before  the  Society 
and  published  in  their  Transactions  and  Quarterly  Journal. 

J.  GWYN  JEFFREYS. 
THOS.  WILTSHIRE. 
ROBERT  ETHERIDGE. 


The  Lihranj. 

The  additions  to  tho  library  diiring  the  year  by  purchases  made 
at  the  recommendation  of  the  standing  Library  Committee  include 
the  following  works : — 

Angelin's  '  Iconographia  Crustaceorum  Formationis  Transitionis/ 
Delbos  et  Eoechlin-Schlumberger's  '  Description  G^logique  et  Mi- 
neralogique  da  d^partement  du  Haut-Rhin,'  Quenstedt's  'Hand- 
bach  der  Petrefactenkunde,'  Helmersen's  '  Carte  G^logique  de  la 
RoMte/  HerrmamiBen's  'Indids  Generum  Malacozoorum  primor- 
dia,*  Benft's  'Die  krystallinischen  Felsgemeintheile,'  Fraaa's  'Aofl 
dem  Orient,'  Yc^elsang's  'Philosophic  der  Geologic  and  mikro- 
skopifche  Gesteinsstadien,'  'Report  of  the  Geological  Survey  of 
DlinoiiBy'  tho  '  Journal  de  Conchyliologie '  from  the  commencement^ 
and  oihear  pablicationB. 

The  lilmiy  has  also  been  enriched  by  several  presents,  indoding 
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tho  puhlicationa  of  immoroii^  Sneiptifs  lui'l  Academies,  as  well  as 
the  following  books : — 

Biirrnnile's  '  Ct'plinlopodcs  Siliirioiis  Ai:  l:i  ItoIiOoio,'  IiitroiluPtion, 
'  Ptiiropodis  SitiirieiiH  ili-  la  Buhumo,'  Inti-oductioii,  •  [Sj'sti-mo  Siliiricii 
dc  la  KohC'mt','  jirumii're  I'urlie.  '  Ui'L-licrclnii  I'alwmtologi'itn'i*,' 
vol.  ii.,  'CLisso  ilc'9  !l[olIuH<juca,  Ordrc  iIch  C'l-pliulojtudcs,'  vi>l.  iii., 
'  Ordru  dcs  I'tc-ropodcH,"  pisaciited  by  tho  autlior ;  I>:i  (Costa's  '  (.Jasti'- 
ropodes  dos  dupositoH  tcrciiiritis  dc  I'ortiigid,'  pix'iM.'iitod  liy  tlic  au- 
thor ;  Hoclistctter's  '  Xcw  Zealand,'  German  and  Kiiglish  (^ditJonsi, 
proscntod  by  tho  aiitlior  ;  l''alcuuor'a  '  I'alsonto^raphical  ^k-iiioii's,' 
'2  vols.,  edited  liy  Dr.  MiirchiiiOii,  prosontod  by  tho  editor ;  Darwin's 
'  Auimuls  mid  PlautH  umler  Dom(.«ticiition,'  presi'iitcd  liy  tho  jiuihor ; 
TohihatchcflTs  '  L'Asio  iliutm-e  ot  rKinpire  Ottoman,'  presented  by 
tho  author;  Piivro's  'Suvoie,'  prcsouted  by  llio  autlior;  second 
Tolumo  of  '  Bciso  der  OcsteiTcicliischeu  Frug.itte  Novava  um  dio 
Erde,'  presented  by  the  Anslriiin  (lovcmnient. 

The  ilap-collection  h.is  roucivcd  numerous  additions  dming  llie 
year,  espeiaally  Xaumonu's  '  Oi-upnostisi-ho  Kurto  des  erzgebir- 
giwheii  Biissina  im  Kiinigi'dchc  SatlLson.'  presented  by  the  nutlior; 
Koechlin-Sclilumbergor's  'C'urtc  (ieologiiiuc  du  dt'partcment  du 
Haut-Ithin,'  pi-oscuted  by  tlio  author;  the  Geological- Survey  maps 
of  Great  Itritain,  tho  XotlierlandB,  Swedi'n,  Xew  Zealand,  and 
Victoria,  pii.'9k;ntcd  by  the  Diri-etors  of  the  respecti^-e  Surveys; 
Boveral  sheets  of  tho  Drdruinw'-Suncy  mnp  of  Great  jiritain,  pre- 
sented by  tho  Director  of  tlic  Orduanco  Survey,  Col,  Sir  Henry 
James;  and  a  large  wriea  of  I'rcuch  charts,  presented  by  tho 
Depot  do  la  Hariuc. 

The  Committee  desire  to  express  their  regret  at  the  resignation 
ot  Mr.  Horace  Woodwanl,  who  for  a  period  of  three  ycare  faith- 
fully and  satisfactorily  diseharged  hia  duties  ns  Library  Assbtont. 

J.  GttTN  JEFFREYS. 
THOS.  WILTSHIRE. 
llOlJliUT  ETIIEUIDGE. 


Comparative  Staff  went  of  the  N<nal>er  of  the  Sociefi/  at  the  close  of 
the  years  1800  awl  1  ml. 


Dec.  ai,  IStiC. 

Compoumlcrs lt>G 

Contributing  FcUows 42!) 

Non-contributing  Fellows  . .  44U 


Honorary  Kembora    . . . . 

Foreign  UcmbcrH  

Foreign  Cuiresxioudcnts . . 
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Gineral  Statement  Ciiylanatory  of  the  Alteration  in  the  Numhtr  of 
Fellows,  Bonoranj  Members,  ^c,  at  the  close  of  the  years  1866 
and  1867. 


Number  of  Compounders,  Contributing  and 
Non-contributing  Fellows,  December  31, 
1866 

Add  Fellows  elected  during  former  year  and 
paid  in  1867 

Add  Fellows  elected  and  paid  in  1867   


1064 


I 


55 


Deduct  Compounders  deceased 2 

Contributing  Fellows  deceased    6 

Non-contributing  Fellows  deceased    . .  14 

Contributing  Fellows  resigned     2 


1124 


—        24 


Number    of   Honorary    Members,    Foreign 
Members,    and    Foreign   Correspondents,  J.    85 
December  31,  1866 

Add  Foreign  Member  elected 1 

Foreign  Correspondent  elected    1 


1100 


Deduct  Foreign  Member  deceased 


87 


Foreign  Corrc8]>ondent  elected  as 


Foreign  Member 


} 


1 
1 


—      2 


—        85 
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Deceased  Fellows. 

Compounders  (2). 
A.  J.  Sutherland,  Esq.  |        Henry  Colos,  Esq. 

Residents  and  other  Contributing  Fellows  (6). 

Sir  T.  Phillips. 

W.  J.  Hamilton,  Esq. 


H.  P.  Hakewill,  Esq. 
£.  Hopkins,  Esq. 
Earl  of  Bosse. 


Dr.  E.  H.  Birkenhead. 


Non-<ontributing  Fellows  (14). 


Rev.  W.  D.  Longlands. 
K  (TBeiley,  Esq. 
Tery  Bev.  B.  Dawes. 
J.  P.  Selby,  Esq. 
E.  Ckyell,  Esq. 
Dr.  A.  Oesner. 
Ber.  B.  E.  Limpet 


J.  Smith,  Esq.  (Jordan  Hill). 

Kcv.  E.  Hankinson. 

Major  Charters. 

Dr.  J.  Black. 

J.  P.  Frascr,  Esq. 

llcv.  B.  Moore. 

Dr.  Daubeny. 


Tl  AinnTERSABT  MEETING. 

Foreicfn  Member  (1). 
Cav.  A.  ParolJni. 

Feilows  Resigned  (2). 
Eesidents  and  oilier  Contributing  Fellows, 
G.  Lowe,  Esq.  |        G.  F.  M.  Esmeado,  Esq. 

The  following  Personage  was  eleUed  from  the  list  of  Foreign  Corre- 
spondents to  fill  the  vacancy  in  the  list  of  Foreign  Members  during 
the  year  18G7. 

Prof.  A.  Daubrce,  of  Paris. 

The  following  Personage  v,'as  elected  a  Foreign  Correspondent  during 

the  year  1807. 

Prof.  B.  Cotta,  of  Freiberg. 

The  following  Pcrso}is  were  elected  Fellotifs  during  the  year  ISii?. 

Janiiar}'  Otli. — (loorgo  Clark,  Esq.,  Dowlais ;  .Tames  Ecdcs,  l^sii., 
Spriiigw'oll  House,  Black  bum;  William  IFarris,  Esq..  !M.A., 
Osborne  Villas,  Windsor ;  and  J.  Charles  Pooley,  Esq.,  F.R.C.S., 
1  Kaglan  Circus,  Weston-super-Mare. 

23rd.— Tho  Rev.  George  Dcauc,  B.A.,  B.Sc,  Harrold,  Bed- 
fordshire ;  J.  Gledhill,  Esq.,  F.M.S.,  King's  Cross,  Halifax,  York- 
shire ;  and  James  Parker,  Esq.,  Oxford. 

February  Gth. — R.  G.  M.  Browne,  Esq.,  Admiralty  Registiy,  Doc- 
tors' Commons,  9  College  Crescent,  Hampstead,  N.W.;  The  Rev. 
Michael  Alfred  ^^foon,  Cleator,  near  Whitehaven ;  and  Benjamin 
B.  Orridge,  Esq.,  a3  St.  John's  Wood  Park,  JI.W. 

20th.— The  Right  Hon.  the  Earl  de  Grey  and  Ripon,  1  Carlton 

Gardens,  S.W.;  Frank  Clarkson,  Esq.,  27  Oakley  Street,  S.W.; 
James  Diggcns,  Esq.,  Secretary  to  the  Royal  Albert  Idiot  Asylum ; 
and  Joseph  Lucas,  Esq.,  Geological  Survey  of  Great  Britain, 
Museum,  Jcrmyn  Street,  S.W. 

March  6th. — Robert  Henry  Scott,  Esq.,  Hon.  Sec.  R.G.S.I.,  Director 
of  the  Meteorological  Department  of  the  Board  of  Trade ;  and 
Elijah  Walton,  Esq.,  144  New  Kent  Road,  S.E. 

20th. — James  Danford  Baldry,  Esq.,  2  Queen's  Square,  West- 
minster, S.W.;  and  Coutts  Trotter,  Esq.,  16  Cadogan  Place,  S.W. 

April  3rd.— The  Rev.  John  Edward  CroBS,  M.A.,  F.R.A.S.,  Yicar  of 
Appleby,  lincolnBhire ;  Elias  Dorming,  Esq.,  M.I.C.E.,  41  John 
Dalton  Street,  Manchester ;  R.  Bruce  Foot,  Esq.,  Geological  Sur- 
rey of  India,  Calcutta ;  the  Rev.  Charles  Fraser,  M. A.,  Christ- 
chuTch,  New  Zealand ;  lieat.  Luard,  R.E.,  Windsor ;  John  Noble, 
Esq.,  61  Wefltbonrne  Terrace,  Hyde  Park,  W.;  George  Spencer 
PerdvalyEiq.,  Severn  House,  Henbury,BriBtol;  Thomas  Bidiards, 
Esq.y  Mining  Engineeri  Bank  Housei  Sedmth,  Oonwall;  Charles 
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Rickettfl,  M.I).,  22  Argyll  Street,  Birkenhead ;  Wilfrid  H.  Hudle- 
fltoD,  Esq.,  M.A.,  F.Z.S.,  J.P.,  Bamster-at-Law,  21  Gloucester 
Place,  Portman  Square,  W. ;  and  Josiah  Henry  Trimellen,  Esq., 
Mining  Engineer,  2  Calvert  Terrace,  Swansea. 

April  17th. — John  Francis  Walker,  Esq.,  B.A.,  F.C.S.,  Sidney-Sussex 
College,  Cambridge. 

May  8th.— H.  Cooper  Rose,  M.D.,  F.L.S.,  Hampstead,  X.W. 

22nd. — Eiias  J.  Beor,  Esq.,  Mining  Engineer,  Swansea ;  Har- 

mer  Edward  Moore,  Esq.,  C.E.,  66  St.  George's  lload,  Belgravia, 
S.W.;  Henry  AUeyne  Nicholson,  Esq.,  B.Sc,  18  Nicolson  Street, 
Edinburgh;  Henry  Waugh,  Esq.,  C.E.,  Gainsborough,  Lincoln- 
shire; and  the  Kcv.  Francis  Lo  Grix  White,  M.A.,  Croxton 
Parsonage,  Eccleshall,  Staffordshire. 

June  5th. — Augustus  Wollaston  Franks,  Esq.,  F.R.S.,  F.S.A., 
Keeper  of  Antiquities,  British  Museum,  W.C. 

19th. — William  T.  Lewis,  Esq.,  Aberdare,  South  Wales. 

November  0th. — Nathaniel  Plant,  Esq.,  Do  Montfort  House,  Lei- 
cester ;  Colonel  Lane  Fox,  F.S.A.,  late  Grenadier  Guards ;  G.  F. 
H.  ITlrich,  Esq.,  Geological  Survey  of  Victoria,  Melbourne,  Vic- 
toria; J.  Ince,  Esq.,  26  St.  George's  Place,  Hyde-Park  Comer, 
S.W. ;  and  the  Rev.  T.  S.  WooUaston,  M.A.,  Exford,  Devonshire. 

2(Hh. — Sir  Augustus  William  Dcnys,  Bart.,  of  Easton  Neston, 

Northamptonshire ;  and  Septimus  P.  Moore,  LL.B.,  5  St.  John's 
Park  Villas,  Haverstock  Hill,  N.W. 

December  4th. — William  Carruthers,  Esq.,  F.L.S.,  Depaiiiment  of 
Botany,  British  Museum,  and  25  Wellington  Street,  Islington,  N. ; 
Charles  Evans,  Esq.,  3  Devonshire  HiU,  Hampstead;  Archibald 
Hamilton,  Esq.,  South  Barrow,  Bromley,  Kent;  Herbert  Kirk- 
house,  Esq.,  Aberdare,  South  Wales ;  Major  Edward  Owen  Leg- 
gatt,  Staff  Corps ;  John  Dalman  Orchard,  Esq.,  Teighmohr,  Sand- 
ford,  Cheltenham;  Thomas  Parton,  Esq.,  Mining  Engineer, 
Willenhall,  Wolverhampton ;  John  Burham  Safford,  Esq.,  Stow- 
on-the-Wold;  Henry  Palfrey  Stephenson,  Esq.,  M.I.C.E.,  15 
Abingdon  Street,  Westminster;  and  Ezckiel  Williamson,  Esq., 
6  Goodior's  Lane,  Regent's  Road,  Salford. 

18th. — ^T.  Jones,  Esq.,  13  Dundas  Terrace,  Hampstead ;  James 

Wood  Mason,  Esq.,  Queen's  College,  Oxford;  Martin  Crofton 
Morrison,  Esq.,  late  H.M.  Consul  in  China;  the  Rev.  Thomas 
Nicholas,  M.A.,  Ph.D.,  3  Craven  Street,  Strand;  Arthur  Sop- 
with,  Esq.,  103  Victoria  Street,  Westminster ;  and  Marriott  Oglo 
Tarbotton,  Esq.,  M.I.C.E.,  Newstead  Grove,  Nottingham. 


Vm  ANNIVEKSAUY  MKETING. 

The  following  Donations  to  the  ^lusErM  have  been  received  since 

the  last  Anniversaiy  Electing. 

British  Sj^ccimens, 

A  cclloctioii  of  Fossils  from  the  Lingiila-llngs  and  Tremadoc  Slates ; 
presented  by  T.  Ash,  Esq. 

Mierascopic  Slide  of  4^ssil  Wood,  from  the  Pennian,  Ashby ;  pre- 
sented by  T.  llylands,  Esq.,  r.G.S. 

Nodule,  from  the  Valley  of  Lledoer,  North  AValcs ;  presented  by 
W.  J.  B.  Smith,  Esq. 

Kock-specimens  from  i3nla ;  presented  by  H.  T.  llicliardson,  Esij. 

Foreujn  Specimens. 

A  collection  of  Devonian  Fossils  from  the  Plicnish  Provijiees :  pre- 
sented by  W.  J.  Hamilton,  Esq.,  F.E.S.,  F.G.S.,  .to. 
A  collection  of  Fossils  fiom  the  Oxford  and  Kellowav  strata  in 

ftr 

Poland ;  presented  by  M.  Zeusrhiicr,  per  Alfnd  Evans,  Wt\. 
A  collection  of  Kocks,  Fossils,  and  specinuiis  of  Coal fmrn  the  Eastern 

IIemisi)here  :  presented  by  Cnthbei-t  Colli nj>Avood.  ^M.lJ.,  F.L.S. 
Coral  from  St.  Helena,  dredged  at  a  dei)th  of  \M\{)  fins. ;  jucbentcd 

by  J.  H.  Blofeld,  Esq. 
Fossil  Bone  from  above  the  Mohund  Pass,  Sewalik  Hills  ;  presented 

by  Capt.  F.  G.  S.  Parker,  F.G.S. 
Specimen  of  SombK^rite  (Phosphate  of  Lime)  from  the  Island  of 

Sombrero;  presented  by  H.  W.  Bristow,  Esq.,  F.ll.S.,  F.G.S.,  &c. 
Cretaceous  Fossils  from  South  Africa  ;  presented  by  Major  Garden, 

F.G.S. 

Maps,  Chabts,  etc.,  pkesented. 

Corto  Geologique  du  departement  du  Haut-Bhin,  par  Josej'h  Koech- 
lin-Schlumberger,  IfciCC,  with  two  Sheets  of  Sections :  presented 
by  the  author. 

Cliart  of  Cliaracteristic  Biitish  Tertiary  Fossils  (chiefiy  Mollusca), 
stratigraphically  arranged,  ccm]iilcd  by  J.  W.  Lowiy,  with  the 
assistance  of  B.  Etheiidgo  and  F.  E.  Edwards;  presented  by 
J.  W.  Lowry,  Esq. 

Charts  and  Plans  of  the  Coast  of  Various  Parts  of  the  "World,  piib- 
lishcd  by  the  Depot  do  la  Marine  de  la  France ;  presented  by  tie 
De])6t  de  la  lifarine. 

Gcognostischc  Kartc  des  ehcmaligen  Gebictcs  von  Krakau,  mit  dem 
siidlich  angrenzendenThoilo  von  Gtdizien,voxi  LudwigHohcncgger; 
piTseutcd  by  the  author. 

Grognostischc  Kurte  des  erzgebii^ischcn  Bassins  im  Kuuigrcichc 
Sachscn,  voii  Prof.  Carl  Isaumonn,  Section  I.  Oestliche  Halfte. 
Section  II.  Westliche  Halfte,  180C  ;  presented  by  the  author. 

Gcologicol  Sketch-mop  of  the  Norttem  District  of  the  Province  of 
Auckland,  by  James  Hector,  M.D.,  F.G.S.,  Director  of  the  Geo- 
logical Survey  of  New  Zealand ;  presented  by  the  author. 
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Geological-Survey  maps  of  Great  Britain,  Sheet  8;   presented  by 

the  Director-General  of  the  Geological  Survey  of  the  British  Isles. 
Geological-Survey  maps  of  the  Netherlands,  Nos.  22,  27 ;  presented 

by  His  Excellency  the  Ambassador  for  the  Netherlands. 
Geological-Survey  maps  of  Sweden,  Nos.  19-21,  with  accompanying 

explanations;  presented  by  Prof.  A.  Erdmann. 
Geological-Survey  maps  of  Victoria,  Nos.  15,  51  ;  presented  by  the 

Director,  A.  R.  C.  Selwyn,  Esq. 
Geologische   Uebersiehtskartc   dcr  osterrcichischcn  Monarchic,  by 

F.  11.  von  Hauer ;  presented  by  the  author. 
Geologische  K  art  en  des  (iiosshcrzogthums  Ilcsscn ;  hcrauFgegeben 

von  dem  mittelrheinischcn  gcologisehen  Vercins,  von  A.Grooesund 

B.  Ludwig;  presented  by  the  Middle  Bhine  Geological  Society. 
Ordnance- Survey  maps  of  England,  1-inch  scale.  Sheets  105,  106: 

6-inch   scale,  Cumberland,   Sheets  49-53,  55,  5(),  GO,  07,  08, 

70-72, 74  :  presented  by  the  Director-General  of  the  Survey. 
Ordnance-Survey  maps  of  Ireland,  1-inch  scale,  Sheets  13,  27, 129 ; 

presented  by  the  Director  of  the  Survey. 
Ordnance-Survev  maps  of  Scotland,  1-inch  Scale,  Sheet  24:  6-inch 

scale,  Perthshire,  Sheets  34,  42-44,  40,  48,  49,  52-58,  60-64, 

66-70,  75,  87,  91,  92,  113;  presented  by  the  Director  of  the 

Survey. 

The  following  Lists  contain  the  Names  of  Persons  and  Public 
Bodies  from  whom  the  Society  has  received  Dt  nations  to  the  Library 
and  MuEcum  since  the  last  Anniversary,  Eebruary  15,  1867. 

I.  List  of  Societies  and  Public  Bodies  from  whom  Donations  of 
Becks  have  been  received  eince  the  last  Anniversary  Meeting. 


Bath,  Natural  History  and  Anti- 
quarian Field  Club. 

Berlin.  German  Geological  So- 
ciety. 

.  Eoyal  Prussian  Academy. 

— .  Saxon  and  Thuringian 
Natural-History  Society. 

Berwick.  Northumberland  and 
Durham  Natural-History  So- 
ciety. 

Bonn.  Royal  Leopold- Caroline 
Academy. 

Bordeaux,  Society  of  Physical 
and  Natural  Sciences  of. 

Brussels.  Boyal  Academy  of 
Belgium. 

— .,  Boyal  Observatory  of. 

Calcutta.  Asiatic  Society  of 
Bengal. 


Christiania,  Boyal  Academy  of. 

,  University  of. 
Copenhagen.    Boyal  Danish  Aca- 
demy. 

Darmstadt.     Geological   Society 

of  the  Middle  llhinc. 
Dijon,  Academy  of. 
Die&den,  Natural  Historj^  Society 

of. 
Dublin.     Geological    Survey  of 

Ireland. 
.     Boyal  Irish  Academy. 

Edinburgh,  Boyal  Society  of. 
Essex  Institute,  U.S. 

Geneva,    Physical  and  Natural 
History'  Society  of. 
i   Glasgow,  Geological  Society  of. 
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Hallo,  Society  of  Natural  Sciences 

of. 
Hesse,  Natnml-Historj-  Society 


Lausanne.  Yaudoise  Society  of 
Natural  Sciences. 

Leeds.  Philosophical  and  Lite- 
rary S  oeiety. 

licf^,  Koyal  Society  of  Sciences 
of. 

liverpool,  Geological  Society  of. 

,     Lancashire  and  Chowhire 

Historic  Society. 

London,  Anthropological  Society 
of. 

.     British  Association. 

I  British  Musenm. 

.     Chemical  Society. 

.     Gcolofticnl    Sun'ey    of 

Great  Britain. 

.  Institution  of  Civil  En- 
gineers. 

. .     Linnean  Society. 

. .     llicroscopical  Socictv. 

Palffiontogr.aphical   So- 

.     Photographic  Hocicty. 

Bay  Society. 

Royal  College  of  Surgeons. 

. .  Royal  Geographical  So- 
ciety. 

,     Boral  Horticultural  So- 

dety. 

— .     Royal  Institubon. 

..  Royal  Society. 

-^— .    SoeiefT  of  Arts. 

War  Offleo. 

,  Zoological  Society  of. 

Lyons,  Boyal  Academy  of, 

Uftnchcster,  Geological   Society 


Melbourne.      Uining  Survey  of 

Victoria. 

.    Royal  Society  of  Victoria. 

Milan.  Koyal  Lo7nl)ard  Institute. 
Montreal,     (ieological  Survey  of 

Canada. 
Muuicb,  Royiil  Academy  of. 

Palermo.     Institute  of  Natural 

Sciences. 
Paris.     Academy  of  Sciences. 

,  DqjutOeniirnldda  Marine. 

.     Geological  Society  of 

France. 
,  Museum  of  Katural  His- 

Philnrlelphia,  Academy  of  Ka- 
tural Sciences  of. 

Prcsbui^.  Natnral-Historj-  So- 
ciety of. 

St.  Petersburg.  Academy  of  Sci- 
ences of. 

Stuttg.irt.  Kntni-dl -History  So- 
ciety of  Wiirtemherg. 

Sweden,  (Jieological  Survey  of, 

Trinidad,  Scientific   Assoeiution 

of. 
Turin,  Roval  Academy  of  Science 

of. 

Tieiina,  Imperial  Academy  of 
Sciences  of. 

. ,  Geological  Institute  of. 

■ ,  Zoologico-Botanical  So- 
ciety of, 

"WanrieltHhiro  Natural-History 
and  Archmological  Souety. 

Washington.  Smithsonian  In- 
stitution. 

Yorkshire,  Geological  and  Poly- 
technioal  Bodety  of  the  West 
Biding  of. 
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II.  List  containing  tho  names  of  Persons  from  whom  Donations 
to  the  library  and  Museam  have  bee  n  received  since  the  last 
Anniversary. 


Abich,  Dr.  H. 

American    Jonmal   of   Mining, 

Editor  of  the. 
American    Journal    of   Science, 

Editor  of  the. 
Annales  des  Mines,  Editors  of 

the. 
Annals  and  Magazine  of  Natural 

History,  Editors  of  the. 
Aoust,  M.  V,  d'. 
Archiac,  M.  d',  F.M.G.S. 
Athenaeum  Journal,    Editor  of 

the. 

Baily,  W.  H.,  Esq.,  F.G.S. 
Bake  well,  F.  C,  Esq. 
Barlow,  Dr.  H.  C,  F.G.S. 
Barrandc,  M.  J.,  F.M.G.S. 
Beron,  M.  P. 
Bett,  J.,  Esq.,  F.G.S. 
Bischoff,  Dr.  G.,  F.M.G.S. 
Blake,  W.  P.,  Esq. 
Blanford,  W.  T.,  Esq.,  F.G.S. 
Brandt,  Dr.  J.  F. 
Briart,  M. 

Bristow,  H.  W.,  Esq.,  F.G.S. 
Brodie,  Rev.  P.  B.,  F.G.S. 
Browne,  R.  G.  M.,  Esq.,  F.G.S. 
Burmeister,  Dr.  G. 

Canadian  Journal,  Editors  of  the. 

Canadian  Naturalist  and  Geolo- 
gist, Editors  of  the. 

Carpenter,  Dr.  W.  B.,  F.G.S. 

Chemical  News,  Editor  of  the. 

Christy,  H.,  Esq.,  F.G.S.,  Exe- 
cutors of  the  late. 

Claike,  Rev.  W.  B.,  F.G.S. 

Colliery  Guardian,  Editor  of  tho. 

Comet,  M. 

Crawford,  Hon.  J.  C,  F.G.S. 

Da  Costa,  Senor  P. 
Darwin,  C,  Esq.,  F.G.S. 
Buibeny,  Dr.  C,  F.G.S. 
Danlirfey  Profl  A.,  F.M.Ox). 


Dawson,  Dr.  J.  W.,  F.G.S. 

Dclesse,  M.,  F.M.G.S. 

Duncan,  Dr.  P.  Martin,  Sec.  G.S. 

Eichwald,  Dr.  E.  von. 
Erdmann,  Dr. 

Fairman,  C.  St.  John,  Esq.,  F.G.S. 

Falconer,  C,  Esq.,  F.G.S. 

Faudel,  M,  le  Dr. 

Favre,  M.  A. 

Floral  World,  Editor  of  the. 

Foreign    Affairs,    Secretary    of 

State  for. 
Francis,  Dr.,  F.G.S. 

Garrigou,  Dr.  F.  A.  F. 
Gaudry,  M.  A. 
Gaussan,  M.  E. 
Geikie,  A.,  Esq.,  F.G.S. 
Geological  and  Natural-History 

Repertory,  Editor  of  the. 
Geological     Magazine,     Editors 

of  the. 
George,  Staff-Commander. 
Gibb,  Sir  G.  Duncan,  F.G.S. 
Greppin,  Dr. 
Grewingk,  Dr.  C.  von. 
Griffith,  W.,  Esq. 

Hall,  J.,  Esq.,  F.M.G.S. 
Hardwicke  and  Co.,  Messrs. 
Haucr,  F.  Ritter  von,  F.C.G.S. 
Helmerscn,    General     G.    von, 

F.M.G.S. 
Hochstetter,  Dr.  F.  von. 
Hunt,  Dr.  J. 
Hunt,  R.,  Esq. 

Intellectual  Observer,  Editor  of 
the. 

Jeffcock,  C,  Esq. 

Jeffreys,  J.  G.,  Esq.,  TreaB.Q.S. 

Jones,  Prof.  T.  R.,  F.G.S. 


xu 
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Joiiraal  of  Natural  and  Economic      Photographic  Journal,  Editor  of 


•Science,   rulemio,   Editor    of 
the. 

KaiTcr,  Dr.  F. 
Kirkby,  J.  AV.,  Esii. 

Laii*:,  Prof.  V.  von. 
Lartet,  ^\.  E.,  F.M.O.S. 
T^ubc,  Dr.  (I.  C. 
T/CC,  Isaac,  E.sq. 
Leniborf;,  J.  von. 
Lindstroin,  Dr.  (J. 
I/)pan,  Sir  W,  E.,  F.Cl.S. 
London,  Edinburf^h,  and  Dublin 

l^hilosophical^lagazinCjl'Milors 

of  the. 
London  lU'\'iew,  Editor  of  the. 
Longman  and  Co.,  Messrs. 
T/jwr}',  J.  W.,  Esq. 
Ludwig,  Dr.  11.  von. 
Lyoll,  Sir  C,  liart.,  F.G.S. 

^[ackie,  S.  J.,  >><!.,  F.G.S. 
McCoy,  Prof.  F.,  F.(f.S. 
Mareh,  Prof.  0.  C,  F.(i.S. 
Me<lical     Press     and    Circular, 

Editor  of  the. 
Moller,  Dr.  F.  von. 
^[ooTO,  C,  Esq.,  F.G.S. 
Murcliison,  Sir  K.  I.,Burt,F.G.S. 

Naumann,  Dr.  C,  F.M.G.S. 
Niolreich,  Dr.  A. 

Oldham,  Dr.  T.,  F.G.S. 
Oniboni,  Sign.  M.  G. 
Ormerod,  G.  W.,  Esq.,  F.G.S. 

Packard,  Dr.  A.  S. 
Patti,  Sign.  C.  S. 
Pattison,  S.  K,  Esq.,  F.G.S. 
Peircy,  M.  A. 


I 


the. 
Poli,  Prof.  B. 

Quarterly  Journal  of  Microscopic 
Science,  Editors  of  tlie. 

Quarterly  Jnunial  of  Science, 
Editors  of  the. 

llenovier,  'Si,  E. 

Kcuss,  Prof.  A.  E.,  F.C.G.S. 

liibeiro,  M.  C. 

Kose,  Prof,  (i.,  F.M.G.S, 

lliitiniever,  Dr.  L. 

SandbrvpT,  Dr.  F.,  F.C.Ci.S. 
Sceley,  11.  G.,  Esq.,  F.G.S. 
Sehvyu,  A.  K.  C,  Esq. 
Sismonda,  Prof.  A.,  F.M.G.S. 
Sorby,  11.  C,  E.mj.,  F.G.S. 
Stanford.  E.,  Esq. 
Stanlev,  TiOrd. 

Tate,  G.,  E.mi-,  F.Ci.S. 
Tate,  K.,  Esq.,  F.Ci.S. 
Tennaut,  Prof.  J.,  F.G.S. 
Thomas,  J.  E.,  Em].,  F.G.S. 
Thomson,  J.,  Esq.,  F.G.S. 
TraUI,  G.  AV.,  E^q. 
Tnibncr  and  Co.,  Messrs. 

Victoria,  Chief  Secretary  of. 
Visiani,  Prof.  1^  de. 
Vuse,  G.  L.,  Esq. 

War,  Secretary  of  State  for. 
Whitaker,  W.,  Etq.,  F.G.S. 
Whitiield,  1^  P.,  Esq. 

Young,  J.,  Esq.,  F.G.S. 
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ANNUAL  REPOBT.  Xlll 


lAst  o/Papebs  rmd  since  the  last  Anniversary  Meeting , 

February  loth,  1867. 

1867. 

February  20th. — On  the  British  Fossil  Oxen. — Part  II.     Bos  longi^ 

fnmsy  Owen,  by  W.  Boyd  Dawkins,  Esq.,  M.A.  (Oxon),  F.R.S., 

F.G.S. 
On  the  Geology  of  the  Upper  Part  of  the  Valley  of 

the  Teign,  Devonshire,  by  G.  W.  Ormerod,  Esq.,  M.A.,  F.G.S. 

Notes  on  the  geological  features  of  Mauritius,  by 


George  Clark,  Esq.,;   communicated  by  H.  M.  Jenkins,   Esq., 

F.G.S. 
March  6th. — On  Ancient  Sea-marks  on  the  coast  of  Sweden,  by  the 

Right  Hon.  the  Earl  of  Selkirk,  F.Ii.S.,  F.G.S. 
On  a  Posttertiary   Lignite,  or   Peat-bed,   in  the 

District  of  Kintyre,  Ai^llshire,  by  His  Grace  the  Duke  of  Argyll, 

K.T.,  F.R.S.,  F.G.S. 
March  20th. — Report  on  recent  discoveries  of  Gold  in  New  Bruns- 
wick, by  W.  S.  Shea,  Esq. ;  communicated  by  the  Right  Hon.  the 

Earl  of  Carnarvon. 
On  the  discovery  of  coal  on  the  Eastern  Slope  of  the 

Andes,  by  W.  Wheelwright,  Esq. ;  communicated  by  Sir  R.  I,  Mur- 

chison,  Bart.,  F.R.S.,  F.G.S. 

On  the  presence  of  Purbeck  Beds  at  Brill,  Bucking- 


hamshire, by  the  Rev.  P.  B.  Brodie,  M.A.,  F.G.S. 

On  the  Lower  Lias  or  lias  Conglomerate  of  Glamor- 


ganshire, by  H.  W.  Bristow,  Esq.,  F.R.S.,  F.G.S. 

On  Abnormal  conditions  of  Secondary  Deposits  when 


connected  with  the  Somersetshire  and  South  Wales  Coal-basins ; 

and  on  the  age  of  the  Sutton  and  Southemdown  Series,  by  C. 

Moore,  Esq.,  F.G.S. 
April  3rd. — Remarks  on  the  Drift  in  a  part  of  Warwickshire,  and 

on  the  evidence  of  glacial  action  which  it  affords,  by  the  Rev.  P. 

B.  Brodie,  M.A.,  F.G.S. 
On  the  dentition  of  Rhinoceros  leptorhinus  (Owen), 

by  Vt\  Boyd  Dawkins,  Esq.,  M.A.,  F.R.S.,  F.G.S. 

On  the  Strata  which  form  the  base  of  the  Lincohi- 


shire  Wolds,  by  J.  W.  Judd,  Esq.,  F.G.S. 
April  17th. — On  the  Physical  Structure  of  North  Devon  and  on  the 

Paheontological  Value  of  the  Devonian  Fossils,  by  R.  Etheridgc, 

Esq.,  F.R.S.E.,  F.G.S. 
May  8th. — On  new  specimens  of  Eozoon,  by  Sir  W.  E.  Logan,  F.R.S., 

F.G.S. 
Notes  on  Fossils  recently  obtained  from  the  Lauren- 

tian  rocks  of  Canada,  and  on  objections  to  the  organic  nature  of 

Eozoan,  by  J.  W.  Dawson,  LL.D.,  F.R.S.,  F.G.S. 

On  Subaerial  Denudation,  and  on  Cliffs  and  Escarp- 


ments of  tho  Chalk  and  Tertiary  Strata,  by  W.  Whitakor,  Esq., 
B«A«j  F«G«S« 


ZIY  AyNIYEBSABY  HEETINO. 

1867. 

May  22nd. — On  tho  Bone-caves  near  Crendi,  Zebbug,  and  Melhiha, 
iu  the  Island  of  Malta,  by  Capt.  T.  A.  B.  Spratt,  E.N.,  C.B.,  F.ll.S., 
F.G.S. 

On  tho  Lower  lias  of  tho  North-east  of  Ireland,  by 

K.  Tate,  Esq.,  A.L.S.,  F.G.S. 

On  the  foBsiliferons  development  of  the  zone  of  Am- 


monites angulatus  iu  Groat  Britain,   by  R.  Tate,  Esq.,  A.L.S., 
F.G.S. 

On  tho  lihaetic  Beds  near  Gainsborough,  by  T.  M, 


Burton,  Esq.,  F.G.S. 

ITic  Alps  and  the  Himalayas,  a  Geological  Compa- 


rison, by  H.  B.  Medlicott,  Esq.,  A.B.,  F.G.S. 

On  some  striking  Instances  of  the  Terminal  Curvature 


of  Slaty  LaminuB  in  West  Somerset,  by  D.  Mackintosh,  Esq.,  F.G.S. 
June  19th. — On  Cyclocyafhus,  a  new  genus  of  the  CiiathophyJUdce, 

with  remarks  on  the  genus  Auhphylluniy  by  P.  Martin  Duncan, 

M.B.,  Sec.  G.S.,  and  James  Thomson,  Esq. 
On  the  discover}'  of  a  newPulmonateMollusk  (Connlus 

j)ri8cvjt,  P.  P.  CarjKjnter)  in  the  Coal-formation  of  Nova  Scotia, 

by  J.  W.  Dawson,  LL.D.,  F.ll.S.,  F.G.S. 

On  some  tracks  of  IHeraspis  (?)  in  the  Upper  Ludlow 


Sandstone,  by  J.  W.  Salter,  A.L.S.,  F.G.S. 

On  a  new  Liuf/nhUa  from  the  Red  Lower  Cambrian 


Rocks  of  St.  David's,  by  J.  W.  Salter,  E«i.,  A.L.S.,  F.G.S.,  and 
H.  Hicks,  M.D. 

Observations  on  certain  Points  in  tho  Dentition  ol 


Fossil  Bears,  which  appear  to  afford  good  diagnostic  characters, 
and  on  the  relation  of  Ursus  pnscus,  Goldf.,  to  U,  ferox,  by  G. 
Busk,  Esq.,  F.R.S.,  F.G.S. 

On  the  Geology  of  the  province  of  Canterburj",  Ne-w 


Zealand,  by  J.  Haast,  M.D.,  F.R.S.,  F.G.S. ;  communicated  bj 
Sir  R.  I.  Murchison,  Bart.,  K.C.B.,  F.R.S.,  F.G.S. 

On  the  Chemical  Geology  of  the  Malvern  Hills,  bj 


tho  Rev.  H.  Timins,  M.A.,  F.G.S. 

On  tho  Relative  Distribution  of  Fossils  throughout 


the  North  Devon  Series,  by  T.  M.  Hall,  Esq.,  F.G.S. 

On  the  Geology  of  the  Princes  Islands  in  the  Sea  o: 


Marmora,  by  VV.  R.  Swan,  Esq. ;  communicated  by  Sir  R.  I.  Mur- 
cbiBon,  Bart.,  K.C.B.,  F.R.8.,  F.G.8.,  <fec. 

On  the  SulphuT-Springa  of  Northern  Formosa,  bj 


C.  Collingwood,  M.B.,  F.L.S. ;  communicated  by  Dr.  J.  D.  Hooker 
F.G.8. 

On  the  Geology  of  Benghazi,  Barbary,  with  an  ac- 


count of  the  subsidences  in  its  vicinity,  by  G.  B.  Stacey,  Esq 
communicated  by  the  Presidont 

Report  on  the  Existence  of  largo  Coal-fields  iu  the 


Province  of  St.  Catherine's,  Brasil,  by  E.  Thornton,  Esq. ;  com- 
munioated  by  the  Bight  Hon.  Uie  Secretary  of  State  for  Forcigi 
A£Eaii8» 


JL^iVVAL  ILEPOBI.  XY 

1S67. 

June  19th. — On  the  sources  of  the  materials  composing  the  White 

Clays  of  the  Lower  Tertiaries,  by  George  Maw,  Esq.,  F.L.S., 

F.G.S. 
On  the  Postglacial  Structure  of  the  South-east  of 

England,  by  Searles  V.  Wood,  Jun.,  Esq.,  F.G.S. 
Xovember  6th. — On  the  Amiens  Gravel,  by  A.  Tylor,  Esq.,  F.L.S., 

F.G.S. 
Xovember  20th. — On  the  Glacial  and  Postglacial  Structure  of  Lin- 
colnshire and  South-east  Yorkshire,  by  S.  V.  Wood,  Jun.,  Esq., 

F.G.8.,  and  the  Eev.  J.  L.  Rome,  F.G.S. 
On  supposed  Glacial  markings  in  the  Valley  of  the 

Exe,  North  Devon,  by  N.  Whitley,  Esq. 

On  Disturbance  of  the  Level  of  the  Land  near  You- 


ghal  in  the  South  of  Lrcland,  by  A.  B.  Wynne,  Esq.,  F.G.S. 
December  4th. — On  the  Graptolites  of  the  Skiddaw  Series,  by  Henry 

A.  Nicholson,  D.Sc.,  M.B.,  F.G.S. 
On  the  Fossil  Corals  (Madreporaria)  of  the  West- 
Indian  Islands. — Part  IV.     Conclusion,  by  P.  Martin  Duncan, 

M.B.,  Sec.  G.S. 
December  18th. — On  the  Parallel  Roads  of  Glen  Roy,  by  Sir  John 

Lubbock,  Bart.,  F.R.S.,  Pres.  Ent.  Soc,  F.G.S. 
Remarks  on  the  Geological  Features  of  the  Northern 

part  of  Formosa,  by  C.  Collingwood,  M.B.,  F.L.S. ;  communicated 

by  H.  M.  Jenkins,  Esq.,  F.G.S. 

On  some  Sources  of  Coal  in  the  Eastern  Hemisphere, 


bv  C.  Collingwood,  M.B.,  F.L.S. ;  communicated  by  H.  M.  Jenkins, 
Esq.,  F.G.S. 

1868. 

January  8th. — Notes  on  the  Lower  lias  of  Bristol,  by  W.  W.  Stod- 
dart,  Esq.,  F.G.S. 

On  the  Lower  lias  beds  occurring  at  Cotham,  Bed- 
minster,  and  Keynsham,  near  Bristol,  by  C.  0.  Groom-Napier, 
Esq.,  F.G.S. 

On  the  Dentition  of  Bhinoceros  Etruscits,  Falc,  by 


W.  Boyd  Dawkins,  Esq.,  M.A.,  F.R.S.,  F.G.S. 
January  22nd. — On  the  Speeton  Clay,  by  J.  W.  Judd,  Esq.,  F.G.S. 
Notice  of  the  Hessle  Drift  as  it  appeared  in  Sections 

more  than  forty  years  since,  by  Prof.  John  Phillips,  D.C.L.,  F.R.S., 

F.G.S. 
February  6th. — On  the  Geology  of  Argyllshire,  by  His  Grace  the 

Duke  of  Argyll,  K.T.,  D.C.L.,  F.R.S.,  F.G.S. 


After  the  Reports  had  been  read,  it  was  resolved, — 

That  they  be  received  and  entered  on  the  Minutes  of  the  Meeting ; 

and  that  such  parts  of  them  as  the  Council  shall  think  fit  be  printed 

and  diatiibated  among  the  Fellows. 


xn  .uiirrTEiis.iRY  meetisr. 

It  was  nftonrards  rcsolvud, — 

1.  Thut  the  thiuiks  of  tho  Society  bo  givcii  to  Worington  M'. 
Smyth,  Esi].,  retiring  from  thu  ofKoo  of  Prusidout. 

2.  That  till'  thanks  of  the  Society  be  ^veti  to  Sir  Philip  dc  U. 
Urcy  Egcrtou,  Iturt.,  M.P.,  Sir  Charles  Lyell,  Bart,  and  J.  Caniik 
Moore,  Esq.,  retiring  fn>m  tho  office  of  Viue-Prcsident. 

3.  That  the  thanks  of  tho  Society  be  given  to  Josi'ph  Prostwich, 
Esq.,  retiring  from  the  officii  of  Troasurpr, 

4.  That  tho  thanks  of  the  Society  be  given  to  11.  A.  C.  Godwin- 
Austen,  Est!.,  retiring  from  the  office  of  Foreign  Secretary. 

5.  That  tho  thanks  of  tlie  Society  bo  given  to  It.  A.  C.  (Jodwin- 
Anstcn,  Esq.,  II.  W.  firjstow,  l^sq.,  tho  E:irl  of  Enuiskillcn,  Br. 
3Ierj-on,  J.  Carrick  Uoorc,  Ew].,  Joseph  Prestwich,  Esq.,  and  Ciipl. 
T.  A.  B.  Spratt,  H.X.,  C.U.,  ntiring  ti-om  the  Council. 

After  the  Balloting-glas^cs  had  been  duly  closed,  and  the  lists 
examined  by  the  Scrutineers,  the  following  gentlemen  irere  declared 
to  have  becu  duly  elected  as  the  Officers  and  Council  for  the  ensuing 
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OFFICERS. 


PRESIDENT. 
Professor  T.  H.  Huxley,  LL.D.,  F.R.8. 

VICE-PBESIDENTS. 
Sir  R.  I.  Murchison,  Bart.,  K.C.B.,  F.R.S. 
Prof.  A.  C.  Ramsay,  LL.D.  F.R.S. 
Earl  of  Selkirk,  P.R.S. 
Rev.  T.  WUtshire,  M.A.,  F.L.S. 

SECRETARIES, 
P.  Martin  Bnncan,  M.B. 
John  Evans,  Esq.,  F.R.S. 

FOREIGN  SECRETARY. 
Prof.  D.  T.  Ansted,  M.A.,  F.R.S. 

TREASURER. 
J.  Gwyn  Jcflreys,  Esq.,  F.R.S. 


COUNCIL. 


Prof.  B.  T.  Ansted,  M.A.,  F.R.S. 
Duke  of  Argyll,  D.C.L.,  F.R.8. 
W.  Boyd  Dawkins,  Esq.,  M.A., 

F.R.S. 
P.  Martin  Duncan,  M.B. 
Sir  P.  de  M.  G.  Egcrton,  Bart., 

M.P.,  F.R.S. 
Robert  Etheridge,  Esq.,  F.R.S.E. 
John  Evans,  Esq.,  F.R.S.,  F.S.A. 
David  Forbes,  Esq.,  F.R.S. 
Prof.    T.    H.    Huxley,    LL.D., 

F.R.S. 
Sir  Henry  James,  R.E.,  F.R.S. 
J.  Gwyn  JeSreyB,  Esq.,  F.R.S. 
Prof.  T.  Rupert  Jones. 


Sir  Charles  Lycll,  Bart.,  D.C.L., 

F.R.S. 
Prof.  John  Morris. 
Sir  R.  I.  Murchison,  Bart.,  K.C.B., 

F.R.S. 
Robert  W.  Mylno,  Esq.,  F.R.S. 
Prof.  A.  C.  Ramsay,  LL.D.,  F.R.S. 
Earl  of  Selkirk,  F.R.S. 
Warington  W.  Smyth,  Esq.,  M.  A., 

F.R.S. 
Alfred  Tylor,  Esq.,  F.L.S. 
Rev.  T.  ATiltshire,  M.A.,  F.L.S. 
Searles  V.  Wood,  Jun.,  Esq. 
Henry  Woodward,  Esq.,  F.Z.S. 
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LIST  OF 


THE  FOREIGN  MEMBERS 


OF  TIIE  GEOLOGICAL  SOCIETY  OF  LONDON,  in  1808. 

Dat«of 
Election. 

818.  Profeflsor  G.  C.  Gmelin,  Tiihingeiu 

819.  Count  A.  Breunner,  Vienna, 
822.  Count  Vitaliano  BorromeO;  Milan, 

827.  Dr.  II.  von  Dechen,  Bonn, 

828.  M.  L<5once  Elie  de  Beaumont,  Sec.  Perp^tuel  de  Tlnstit.  France, 
For.  Mem.  R.S.,  Paris. 

820.  Dr.  Ami  Boud,  Vienna, 
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840.  Professor  Adolphe  T.  Brongniart,  For.  Mem.  R.S.,  Paris, 
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847,  M.  le  Vicomte  B.  d'Archiac,  Paris. 

848,  James  Hall,  Esq.,  Albany,  State  of  New  York^ 
850.  Professor  Bernard  Studer,  Bertie, 

850.  Herr  Hermann  Ton  Meyer,  Fratikfort-on-Maine, 

851.  Prof.  James  D.  Dana,  Neto  Haven^  Connecticut. 
851.  General  G.  yon  Helmersen,  St,  Petersburg. 
851.  Dr.  W.  K  von  Haidinger,  For.  Mem.  R.S.,  Vi^nrui. 
851.  Professor  Angelo  Sismonda,  Turin, 
853.  Count  Alexander  von  Keyserling,  Dorpat, 

853.  Prof.  L.  G.  de  Koninck,  Liege, 

854.  M.  Joachim  Barrande,  Prague, 
854.  Prof.  Carl  Friedricb  Naumann,  Leipsic, 

856.  Prof.  Robert  W.  Bunsen,  For.  Mem.  R.S.,  Heidelberg, 

857.  Prof.  R  R.  Goeppert,  Breslatt. 
857.  M.  R  Lartet,  Pom. 
857.  Prof.  H.  B.  Geinitz,  Dresden, 

857.  Dr.  Hermann  Abich,  T^is,  Georgia. 

858.  Herr  Am.  Elscber  von  der  Lintb,  Zurich, 
869.  Pro£  A.  Delesse,  jRim. 

859.  Dr.  Ferdinand  Roemer,  Breskut, 
800.  Dr.  H.  Mihie-Edwaidfl,  For.  Mem.  R.S.,  Pari^, 
861.  Pro£  Gustav  Biflchoi;  Baim, 


1863.  Baron  Sartoriufi  von  WaltershauBen,  OoUingen, 
1862.  Profeasor  Pierre  Merian,  Bade, 

1864.  Pro£  Paolo  Sayi,  Pisa. 

1865.  M.  Jules  Desnoyers,  Paris, 

1866.  Dr.  Joseph  Leidj;  Philadelphia, 

1867.  Prof.  A.  Daubr^e,  Paris. 


LIST  OF 

THE  FOREIGN  CORRESPONDENTS 

OF  THE  GEOLOGICAL  SOCIETY  OF  LONDON,  in  1868. 

Dst^of 
Klection. 

1863.  Prof:  E.  Beyrich,  Berlin. 

1863.  M.  Boucher  de  Perthes,  Abbeville, 

1863.  Herr  Bergmeister  Credner,  Oatha. 

1863.  M.  E  Desor,  Neuchdtel. 

1863.  Pro£  Alphonse  Favre,  Geneva, 

1863.  Signor  B.  Gastaldi,  Turin, 

1863.  M.  Paul  Gervais,  MontpeUier, 

1863.  HeiT  Bergrath  Giimbel,  Munich. 

1863.  Dr.  Franz  Bitter  von  Hauer,  Vienna. 

1863.  Prof.  E.  Hubert,  The  Sorbonne,  Paris. 

1863.  ReT.  Dr.  O.  Heer,  Zurich, 

1863.  Dr.  Moritz  Homes,  Vienna. 

1863.  Dr.  G.  F.  Jager,  StuUgoH, 

1863.  Dr.  Kaup,  Darmdadt. 

1863.  M.  Nikolai  von  Kokscharow,  St.  Petersburg. 

1863.  M.  Lov^n,  Stockholm, 

1863.  Lieut-Gen.  Count  Alberto  Ferrero  della  Marmora,  Turin, 

1863.  Count  A.  G.  Maischall,  Vienna. 

1863.  Prod  G.  Meneghini,  Pisa. 

1863.  M.  Morlot,  Berne, 

1863.  M.  Henri  Njst,  Brussels. 

1868.  Pro£  F.  J.  Pictet,  Geneva. 

1863.  Signor  Ponzi,  Bame, 

1833.  Pio£  Quenstedt,  Tubingen, 

186S.  Profl  F.  Sandborger,  Bavaria. 

1863.  Signor  Q.  Sella,  Turin, 

1863.  Dr.  F.  Senft,  Sisenach, 

1868.  Dr.  B.  Shumard,  SL  Louisy  Missouri. 

1808.  Prof:  R  Sueas,  Vienna, 

1868.  Muquis  de  Vibraye,  Paris. 


1864.  M.  J.  Bosquet,  Maestricht, 

1864.  Dr.  Theodor  Kjerulf,  Chn'stiania. 

1864.  Dr.  Steenatrup,  Copenhagen. 

1864.  Dr.  Charles  Martina,  MontpeUier, 

1865.  Dr.  C.  Nilsson,  Stockholm, 

1866.  Prof.  J.  P.  Lesley,  Philadelphia, 
1866.  M.  Victor  Raulin,  Pari^, 

1866.  Prof.  August  Emil  Reuss,  Vienna, 

1866.  Baron  Achille  de  Zigno,  Padua, 

1867.  Prof.  Bemhard  Cotta,  Frvibun/. 


AWARDS  OF  TUB  WOLLASTON  MEDAL 


UNDER   THB    CONDITIONS    OF    THE    "  DONATION-FUND 


» 


Es>TABLISll£D  DY 


WILLIAM  HYDE  WOLLASTON,  M.D.,  F.E.S.,  F.G.8.,  Ac., 

*'  To  promote  researches  concerning  the  mineral  structuro  of  the  earth, 
and  to  enable  the  Council  of  the  Geological  Society  to  reward  those 
individuals  of  any  country  by  whom  such  rei^arches  may  hereafter  be 

ft'  ■•         ftp'  ftp 

made/' — **  such  individual  not  being  a  Member  of  the  CounciL" 


1831.  Mr.  William  Smith. 
lase.  Dr.  G.  A.  ManteU. 
1836.  M.  L.  Agassiz. 
ifto7   I  Capt  P.  T.  Cautley. 
^^^-  I  Dr.  II.  Falconer. 

1838.  Professor  R.  Owen. 

1839.  Professor  C.  G.  Ehrenberg. 

1840.  Professor  A.  II.  Dumout 

1841.  M.  Adolphe  T.  Bronguiart. 

1842.  Baron  L.  von  Buch. 

_         j  M.  £.  de  Beaumont 

^°^-  1 M.  P.  A.  Dufi^noy. 

1846.  The  Rev.  W.  D.  Convbeare. 

1845.  Professor  John  Phillips. 

1846.  Mr.  William  Lonsdale. 

1847.  Dr.  Ami  Bou^. 

1848.  The  Rev.  Dr.  W.  Buckland. 
1848.  Mr.  Joseph  Prestwich. 
1860.  Mr.  William  Hopkins. 
1851.  The  Bey.  Fro£  A.  Sedgwick. 


1852.  Dr.  W.  H.  Fitton. 

j  M.  le  Vicomte  A.  d*Archiac. 
^*'^-  ]  M.  K  de  VemeuiL 
18.J4.  Dr.  Richard  Griffith. 
1855.  Sir  IL  T.  De  la  Beche. 
185a  Sir  W.  E.  Logan. 
18^57.  M.  Joachim  Barrande. 
ift.'ui   jHerr  Hermann  von  Meyer. 
^^^'  ]  Mr.  James  HaU. 

1859.  Mr.  Charles  Darwin. 

1860.  Mr.  Searles  V.  Wood. 

1861.  Prof.  Dr.  H.  G.  Bronn, 

1862.  Mr.  Robert  A.  C.  Godwin- 
Austen. 

1863.  Prof.  Gostay  Bisehof. 

1864.  SirR.  L  Muichison. 

1865.  Mr.  Thomas  Davidson. 
186a  Sir  Charles  LyelL 

1867.  Mr.  G.  P.  Scrape. 

1868,  Prof.  Carl  F.  Naumann. 
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William  Smith. 

1851. 

William  Lonsdale. 

1862. 

Louis  Agassiz. 

1863. 

O.  A.  Mantell. 

1854. 

Q.  P.  Deshayes. 

1856. 

fessor  Richard  Owen. 

1866. 

feasor  C.  G.  Ehrenberg. 

1857. 

J.  De  Carle  Sowerby. 

1858. 

fessor  Edward  Forbes. 

1859. 

feasor  John  Morris. 

1  otn\ 

fessor  John  Morris. 

1860. 

William  Lonsdale. 

186L 

Geddes  Bain. 

1862. 

William  Lonsdale. 

1863. 

^Jcide  d'Orbigny. 

1864. 

pe  of  Good  Hope  Fossils. 

1865. 

Alcdde  d'Orbigny. 

1866. 

William  Lonsdale. 

1867. 

eaaar  John  Monis. 

1868. 

M.  Joachim  Barrande. 
Professor  John  Morris. 
M.  L.  de  Eoninck. 
Mr.  S.  P.  Woodward. 
Drs.  G.  and  F.  Sandberger. 
M.  G.  P.  Deshayes. 
Mr.  S.  P.  Woodward. 
Mr.  James  HalL 
Mr.  Charles  Peach. 

iMr.  T.  Rupert  Jones. 
Mr.  W.  K.  Parker. 
Professor  A.  Daubr^e. 
Professor  Oswald  Ueer. 
Professor  Ferdinand  Senfb. 
Professor  G.  P.  Deshayes. 
Mr.  J.  W.  Salter. 
Mr.  Henry  Woodward, 
Mr.  W.  H.  BaUy. 
M.  J.  Bosquet ' 


EsTIlfATES /or 


tNCOMB  EXPECTED. 

Due  for  Subscriptiona  on  Quarterly  Journal  (con- 

Bidered  gocHl) 

Due  for  Authors'  Corrections     

Due  Tor  Arrears  (See  Valuation -sheet)  


Eatimated  Ordinary  Income  for  1868. 
Annual  Contributions : 

From  BceidcDt  Fellowa,  be,  and  Non-rcai- 

dcnts  of  1859  to  1861 730 

Admissinn-fccE  (supposed)       200 

Compositions  (supposed)     300 

Dividenila  on  Consols       153 

Sale  or  Transactions,  Proceedings,  Library-cata- 
logues, and  Ormerod's  Index  10     0     0 

Saleof  Quarterly  Journal    160    0    0 

Sale  of  Geological  Map  70    0    0 

240 

Due  Trom  Longman  and  Co.  in  June 55  15     1 

Due  Trom  Stanford  and  Co.  in  June  U  13    0 

71)     : 


•MtlHl  l>T  Ae  nomiiul 
•HI  unnint  of  thu  Fill 
divfed  to  vrdlnvT  1i 


JOSEPH  PRESTWICH,  Theas. 


the  Year  1868. 


EXPENDITURE  ESTIMATED. 

£  8,  d,       £    9,    dm 
General  Expenditure: 

Taxes  and  Insimoce     100  0  0 

House-repairs    20  0  0 

Fnmiture    15  0  0 

Puel     36  0  0 

Light 30  0  0 

Miscellaneoas  Printing,  inclading  Abstracts  . .  75  0  0 

Tea  for  Meetings  .t 20  0  0 

Miscellaneous  House-expenses     75  0  0 

Stationery 35  0  0 

406     0     0 

Salaries  and  Wages : 

AssisUnt-Secretary    300  0  0 

Qerk  80  0  0 

Assistants  in  Library  and  Museum 140  0  0 

Porter     100  0  0 

Housemaid     40  0  0 

Occasional  Attendants 10  0  0 

Collector 45  0  0 

Accountant    5  0  0 

720     0     0 

Library 100  0  0 

Museum ..     20     0    0 

120     0  0 

Diagrams  at  Meetings 14  0 

Miscellaneous  Scientific  Expenditure 60    0  0 

Publications:  Quarterly  Journals 620    0     0 

„  Transactions 5    0    0 

„  Geological  Map 50    0    0 

675     0     0 

Balance  in  favour  of  the  Society... i •     151     4     1 

jg2133    8     1 


Income  and  Expenditure  during  Ike 

RECEIPTS. 

£     ,.     d.  £  >.  H 

Balance  at  Banker's  January  1,  1867 666  5  9 

Ditto  in  Clerk's  hands 52  8  9 

Compositions  received   267  13  0 

Arrears  of  Admiasion-feefl    31   10     0 

Admiasion-fees,  1867 321     6     0 

352  16  0 

Arreara  of  Annual  Contribntioni « 114  9  0 

Annual  Contiibutioas  for  1867,  viz. ; 

Retident  Fellows    fG3&    5    0 

Non-Reiident  Felbwt   ...      29  18    6 

665    3     6 

Annual  Contribution!  in  advance 14  14     0 

Dividends  on  Consols    141   12     8 

Publications : 

Sale  of  Tninuctiont 2  16  6 

Sale  of  Jouniil,  Voli.  1-22     167  2  9 

„             Vol.23*     66  19  4 

Sale  of  Geological  Mip    5i  13  n 

Sile  of  Libru7.cai>1og:ite* 1  5  0 

Sale  of  Ormerod'*  Index I  0  0 

290  17     C 


We  have  compared  the  Books  and 
Accounts  presented  to  us,  and  found  / 

them  correct.  X 

Feb.  3,  1868. 

*  Due  from  Heim.  Longinui,  in  addition  to  the  above,  gn  Joamal,  £     t,  d, 

Vol.23,4c MIS  1 

Due  from  Pellom  for  Jonnul  iDbKriptioni,  eitimated 40    0  0 

Due  from  UcMTi.  St«iifi>nl  00  Geo1o(iesl  Uap 11  13  0 

£110    8    1 


Year  ending  December  3Ut,  1867. 

EXPENDITURE. 

Oeneral  Expenditure :  £   s.   d.        £     t.    d. 

Taxes. 64    6    8 

Flre-insannce   9    0    0 

New  Furniture   16  15     7 

HoDse-repain    37    0    1 

Fuel    38  13    0 

Light 29  13     1 

Miioelianeoot  House-expenses 73  16  11 

SUtionerj 39    6     7 

Miscellaneous  Printing 61  15    6 

Tea  at  Meetings    20  1110 

390  19     3 

Salaries  and  Wages : 

Assistant-Secretary 227  10  0 

Clerk  and  assistance  in  Office 100    0  0 

Library  and  Museum  Assistants 129  15  0 

Porter 100    0  0 

Housemaid 40    0  0 

Occasional  attendants  8    5  0 

Accountants   5    0  0 

610  10  0 

Library 94?     5  1 

Museum 2     2  6 

Miscellaneous  Scientific  Expenses    71     6  9 

Publications : 

Geological  Map 83    7  11 

Transactions  0     l    o 

Journal,  Vols.  1-22  82    2    6 

„         VoL23    530  14    4 

696  5  9 

loTestment  in  £315  7«.  6cf.  Consols 300  0  0 

Ralance  at  Banker's,  Dec.  31,  1867 395  4  6 

Balance  in  Clerk's  hands,  Dec.  31,  1867 5  8  4 


£2566     2     2 
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PROCEEDINGS 

AT  THE 

ANNUAL  GENERAL  MEETING, 
2l8T  FEBRUARY,  18G8. 


Award  of  the  Wollaston  Medal. 


TuE  Reports  of  the  Council  and  of  the  Committees  having  heon  read, 
the  President,  Waeington  W.  Smyth,  Esq.,  M.A.,  F.R.S.,  handed 
the  Wollaston  Medal  to  Professor  D.  T.  Aj^'sted,  M.A.,  F.R.S., 
addressing  him  as  foUows : — 

Professor  Ansted, — I  consider  it  no  common  privilege  to  hand  to 
Tou  for  presentation  the  Wollaston  Medal,  which  has  been  awarded 
by  the  Council  to  Carl  Friedrich  Naumann,  of  Leipzig.  If  it  were 
needed  to  set  before  the  Society  the  important  ser\'ice8  which  have 
been  rendered  to  our  Science  by  that  distinguished  geologist,  I 
should  point  to  the  list  of  his  pubHshed  works,  and  to  the  great 
pfcological  map  of  Saxony,  carried  out  in  great  part  by  his  own 
tield-surveys,  although  aided  in  portions  by  the  cooperation  of  Pro- 
fessor Cotta  and  others. 

Naumann*s  early  labours  dato  back  half  a  century  ago ;  and  his 
excellent  *  Travels  in  Norway  '  and  the  sketch  of  a  treatise  on  rocks 
(Andeutungen  zu  einer  Gesteinslehre)  were  published  in  1 824.  From 
that  time  forth  he  has  been  an  active  worker  in  the  lecture-room, 
the  mincralogical  cabinet,  and  in  the  field.  His  '  Elements  of  Crys- 
tallography,' published  in  1820,  and  his  larger  work  on  the  same 
subject,  18i30,  are,  to  say  the  least  of  them,  on  a  par  with  the  best 
oiTorts  of  the  best  men ;  and  these  were  followed  up  by  his  manuals 
of  Mineralogy,  the  excellent  qualities  of  which  are  sufficiently  proved 
by  their  general  diffusion  through  the  student- world  of  Germany, 
and  by  their  translation  into  other  languages. 

His  great  treatise  on  Geology  (Lehrbuch  der  Geognosie),  of  which  a 
new  edition  has  just  been  completed,  is  probably  the  most  masterly 
comprehensive  summary  of  the  feu^ts  and  opinions  of  our  science 
which  has  appeared  in  any  country. 

His  numerous  contributions  to  periodical  scientific  literature  can 
only  bo  generally  referred  to ;  but  I  shoidd  fail  in  expressing  the 
great  merits  of  Professor  Naumann,  were  I  not  to  refer  to  the 
admirablo  manner  in  which  for  many  years  he  filled  the  chair  of  the 
great  Werner,  at  Freiberg,  in  Saxony.  A  quarter  of  a  century  has 
passed  since  I  enjoyed  the  advantage  of  hearing  his  fluent  delivery  of 
tlie  encyclopedic  luiowledge  of  geological  phenomena  which  he  had 
■maimffl :  bat,  both  £rom  the  lucid  method  of  his  lectures  and  from 
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the  friendly  aid  with  which  he  furthered  the  explorations  of  the 
students  in  the  field,  I  can  appreciate  the  immense  influence  which 
he  has  exercised  on  the  practical  education  of  the  rising  youth  of 
Germany,  an  influence  which  has  heen  exercised  on  a  larger  scale 
since  he  was  called  to  assume  the  Professorship  at  Leipzig. 

Saxony  is  a  country  hoasting  but  a  small  population ;  and  yet  our 
Society  is  well  aware  of  the  numerous  liigh  names  in  various  de- 
partments of  science  of  which  a  Suxon  may  bo  proud.  In  awarding 
our  highest  honour  to  Professor  Xaumaun,  I  trust  that  it  will  bo  seen 
that  we  are  truly  desirous  of  seeking  out  merit  wherever  it  exists, 
and  that  we  thus  testify  our  sense  of  the  high  value  of  labours 
carried  on  without  show  or  blazon,  but  with  a  conscientious  regard 
to  the  interest  of  scientific  truth. 

Professor  Aitsted,  on  receiving  the  Medal,  replied  as  follows : — 

Mr.  Pbesident, — In  the  absence  of  Professor  Naumann,  who  is 
imable  at  the  present  season  to  interrupt  his  University  course,  I 
beg  to  acknowledge  on  his  behalf  the  reception  of  tliis  Medal ;  and  it 
will  be  my  duty  to  transmit  it  to  him,  accompanied  with  an  intima- 
tion of  the  maimer  in  which  the  announcement  of  tho  Council  has 
been  received. 

I  hold  in  my  hand  a  letter  from  Professor  Naumann,  expressing 

his  own  sense  of  the  high  honour  the  Council  has  awarded  him ;  and 

a  translation  of  this  letter,  with  your  permission,  I  will  now  proceed 

to  read. 

Leipzig. 

Mr.  President, — ^The  honourable  award  of  the  Gold  Wollaston 
Medal  is  for  me  one  of  the  most  gladdening  events  of  my  life.  It  is 
cheering  with  reference  to  the  past,  inasmuch  as  it  oifers  me  the 
satisfactory  consciousness  that  my  former  labours  in  the  departments 
of  Mineralogy  and  Geology  have  not  been  conducted  without  useful 
results,  since  they  have  been  deemed  worthy  of  so  brilliant  a  dis- 
tinction by  the  highest  tribunal  of  Geological  Science.  And  it  is 
equally  cheering  with  regard  to  the  future,  because  the  recognition 
shown  by  so  competent  a  tribunal  will  lend  me  in  my  old  age  courage 
and  strengtli  to  foUow  up  to  their  completion  the  tasks  which  still 
lie  before  me. 

I  feel  myself,  therefore,  bound  to  express  to  you,  Mr.  President, 
and  to  all  the  honoured  Members  of  the  Council  of  the  Geological 
Society,  my  respectful  and  deeply  felt  gratitude,  as  weU  as  to  assure 
yon  that  I  shall  do  all  that  lies  in  my  power  to  prove  myself  to  the 
end  of  my  days  worthy  of  the  distinction  which  you  have  conferred 
upon  me. 

Award  of  tse  Wollaston  Donation-fund. 


The  President  then  addi^sscd  £.  A.  C.  Godwin- Austen^  Esq., 
F.R.S.,  as  follows  :— 

Mr.  Godwin- Austen, — I  have  much  pleasure  in  requesting  you  to 
send  to  M.  Bosquet,  of  Moestricht,  the  balance  of  the  proceeds  of  the 
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Wollaston  Eand,  awarded  to  him  by  the  Council,  in  aid  of  his  valu- 
able researches  on  the  Tertiary  and  Cretaceous  strata  of  Holland  and 
Belgium.  It  is  hoped  that  this  acknowledgment  of  his  services 
will  be  an  encouragement  to  M.  Bosquet,  inciting  him  to  continue 
those  labours  which  he  has  for  some  years  with  much  success  carried 
on  during  the  time  snatched  from  his  business  avocations. 

Mr.  (JoDWur-ArsTBN  replied  as  follows : — 

Snt, — I  shall  take  an  early  opportunity  of  transmitting  to  M. 
Bosquet,  of  Maestricht,  the  proceeds  of  the  Wollaston  Fund,  accom- 
panied by  an  assurance  of  the  cordial  imanimity  with  which  it  was 
awarded  him.  The  Members  of  the  Geological  Society  of  London 
cannot  fail  to  entertain  a  high  opinion  of  the  zeal,  industry,  and 
ability  which  have  produced  M.  Bosquet's  contributions  to  Palaeon- 
tology. Of  these,  perhaps,  the  most  interesting  to  us  are  those  re- 
lating to  the  Cretaceous  formation  of  the  neighbourhood  of  Maestricht, 
the  richness  of  the  fauna  of  which  is  in  striking  contrast  to  that 
of  the  equivalent  portion  in  this  coimtry. 

BSs  researches  amongst  the  so-called  Tongrian  beds  have  contri- 
buted greatly  to  our  knowledge  both  of  the  forms  of  life  and  the 
general  character  of  the  physical  conditions  which  closed  the  great 
Nnmmulitic  period  in  that  part  of  Northern  Europe. 

I  may  add  that  geologists  who  may  visit  Maestricht  will  find  in 
M.  Bosquet's  coUection  the  vouchers  for  the  accuracy  of  his  pub- 
lished works ;  and  I  can  speak  from  experience  as  to  his  kindness  and 
readiness  in  guiding  others  about  a  district  which,  from  its  covered 
character,  cannot  be  profitably  visited  without  such  assistance. 


THE  ANISIVERSARY  ADDRESS  OF  THE  PRESIDENT, 

WAKmoTON  W.  Smtth,  Esq.,  M.A.,  F.R.S. 

It  is  now,  gentlemen,  my  duty,  in  accordance  with  your  long-r 
established  custom,  to  enter  upon  the  painful  task  of  reminding  you 
of  the  loss  which  we  have  sustained  in  the  past  year  by  the  death  of 
several  of  our  scientific  brethren.  And,  first  of  all,  it  behoves  me  to 
speak  of  one  unwearied  in  his  devotion  to  your  interests,  one  en- 
deared by  personal  friendship  to  many  of  us,  my  immediate  pre- 
decessor in  this  honourable  Chair. 

WiLLiAX  JoHK  Hamilton  was  the  eldest  son  of  Mr.  William 
Hamilton,  some  time  British  Minister  at  the  Court  of  Naples,  a  gen- 
tleman whose  classical  tastes  and  erudition  infiuenced  to  a  consider- 
able extent  the  career  of  our  late  President.  Ho  was  bom  in  London 
on  the  5th  July,  1805,  and  after  an  early  education  at  Charterhouse 
School,  passed  over  to  Hanover,  and  completed  his  studies  at  the 
University  of  Gottingen.  Proposing  to  devote  himself  to  the  diplo- 
matic service,  he  paid  in  his  youth  especial  attention  to  modem  lan- 
guages and  histoiy,  and  in  1827  was  appointed  attachd  to  the  Lega- 
tion at  ICadrid.    In  1829  he  received  a  similar  appointment  in  Paris, 
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timl  afUu'  liis  return  to  Lomlou  acted  for  some  time  as  j^im-/*-wrilcr 
to  the  Foreipi  OfKce,  uiiiler  lA)r(l  Aberdeen. 

It  wa.s  owin^  to  the  friendsliip  ^ubsistinp;  between  Mr.  Hamilton's 
family  and  Sir  Koderick  Murchison  that  the  young  diplomatist  as- 
pired to  make  himself  a  peoloj^i.st,  was  elected  a  Fellow  of  our 
Society  in  1^31,  and  iu  1815:3  entered,  in  conjunction  >rith  Professor 
Kdward  Turner,  on  the  joint  duties  of  the  Sccretarj'ship.     In  March, 
lh:^.">,  li(»  read  his  iirst  paper,  on  a  bed  of  recent  marine  shells  occur- 
riiig  near  Elio,  on  the  southern  coast  of  Fifeshire  (Proc.  Geol,  Soc. 
vol.  ii.) ;  and  having  had  the  misfortune  to  lose  his  wife,  he  arranged 
shortly  after  this  date  to  undertake  a  long  exploratory'  journey  to 
the  lA'vant,  in  company  ^vith  that  estimable  man  and  naturalist, 
llugli  Stiickland,  so  untimely  snatched  from  life  by  an  accident  on  a 
niihvay.     The  main  object  to  Ikj  attained  was  an  examination  of 
Asia  Minor,  of  which  we  possessed  extremely  little  accurate  infor- 
mation, in  a  gcogi'aphical,  geological,  and  antiquarian  i)oint  of  ^iew. 
Mr.  Strickland  retunKnl  home,  after  their  joint  tour  tlu*ough  the 
Ionian  Islands,  the  ncijrhbourhood  of  Constantinople,  and  the  Kata- 
kekaumcne,  in  lS;C)-;i<»,  whilst  3ilr.  Hamilton  proceeded  alone  on  an 
adventuitms  series  of  journeys — tirst  into  Armenia,  then  across  the 
whole  length  of  Asia  Minor,  from  east  to  west,  again  into  the  inte- 
rior to  the  great  Salt  Lakes  and  the  culminating  i>oint  of  the  Ana- 
tolian mountains,  Blount  Erjish,  which  he  ascended  and  detennined 
to  he  lii.OlK)  feet  in  height,  and,  further  touchijig  on  the  Hanks  of 
the  south-eastern  Taurus  and  returning  \vestwar<l  by  another  route 
to  Smyrna. 

Siune  of  the  more  imi^rtant  geological  t)bser\-ations  collected 
during  this  ju-otracted  riding-tour  were  connnunicated  to  the  Society 
in  a  paper  published  in  the  *  Transactions,'  :?ud  Ser.  vol.  v.,  treating 
of  the  counliT  between  the  trachytic  peak  of  Hassan  Dagh  and  tho 
salt  lake  of  KiMlj-hissar,  and  of  tlu'  district  around  Kaisariyeh,  in- 
chnling  Krjish  Dagh,  th(>  ancient  Arg:vus.  Furtln»r  paiHTs  con- 
nected with  these  n'gions  were :  —the  ''Account  of  a  Tertiary  deposit 
near  Lixouri,  iu  tho  island  of  Cephalonia  "  (IVoceedings,  vol.  ii.) ; 
u  giMUTal  description  of  the  Geology  of  the  norlh-westx?m  jiart  of 
Asia  Minor,  from  the  peninsuLa  of  C'yzicus,  on  the  coast  of  the  sea  of 
Manuora,  with  a  fidl  notice  of  the  Katnkekaumene,  that  district  bo 
well  named  the  *'  burnt- up,"  of  whose  extensive  craters  and  lava- 
streams  we  thus  o]>tained  a'  lively  picture. 

A  piu'tion  i»f  his  wanderings  in  the  Levant  h*d  to  another  paper, 
publisluHl  in  the  '  Pi-oceedings,'  vol.  iii.,  '*  On  a  few  detached  i)laees 
along  the  coast  of  Ionia  and  Caria,  and  in  the  island  of  lihoidoa ;" 
but  the  entire  journey  was  described  fully  in  his  '  Uesearches  in 
Asia  Minor,  Poutus,  and  Armenia,'  published  in  two  volumes  in 
1S42.  Mr.  Hamilton  adopted  tlie  narrative  style  of  dcscriptioa,  as 
most  suitable  to  long  lines  of  examination  carried  through  a  country 
of  which  even  tlie  geography  was  extremely  vogue ;  and  the  various 
archax>logical  and  natural-lustory  details  are  thus  mingled  through- 
out as  they  happened  to  take  their  place  in  tho  oiary.  The  diapo- 
flition  of  the  author,  good-humouxcd,  paini-taking,  fiberal,  and  en- 
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during,  is  reflected  in  tho  pogos  of  his  book  ;  and  I  may  safely  aver, 
from  my  own  having  coincided,  a  few  years  later,  with  a  part  of  his 
North-western  route,  that  liis  descriptions  are  aeourate,  and  his  con- 
clusions, both  on  natural  phenomena  and  on  the  social  state  of  tlie 
people,  moderate  and  replete  with  common  sense. 

Some  critical  expressions  which  fell  from  M.  Tchihatchcfl*,  induced 
Ur.  Hamilton  at  a  later  date,  in  1849,  to  recur  to  the  subject,  and 
to  present  to  the  Society  observations  on  the  geology  of  Asia  Minor, 
referring  more  particularly  to  portions  of  Galatia,  Pontus,  and  Pa- 
phlagonia. 

On  his  return  to  England  he  resumed  his  post  as  Secretary  of  the 
Society,  and,  notwithstanding  his  being  in  Parliament  from  1841  to 
1847,  he  continued  for  many  years  to  act  in  that  capacity,  applying 
to  it  so  much  time  and  attention  that  ho  became  tho  chief  authority 
with  the  Council  in  all  questions  that  related  to  tho  constitution,  the 
bye-laws,  and  tho  history  of  the  Society. 

Meanwhile  a  number  of  descriptive  papers  issued  from  his  pen : — 

In  1844,  a  long  and  general  treatLse  on  the  rocks  and  minerals  of 
that  technically  important  part  of  Tuscany  which  lies  between 
Arezzo  and  Leghorn,  and  includes  the  boracic-acid  springs,  tho 
oopper-mines,  and  the  alabasters  of  Volterra. 

In  1848,  an  account  of  the  agate-quarries  of  Oberstein  and  of  the 
methods  of  treating  the  agates  artificially  for  the  purpose  of  changing 
their  colour. 

In  1850,  on  the  occurrenoe  of  a  freshwater  bed  of  marl  in  the 
Fens  of  Cambridgeshire. 

For  several  years  ho  had  taken  a  lively  interest  in  the  progress 
of  the  long  somewhat  weakly  Geographical  Society,  and  in  1837 
was  elected  to  be  its  President,  an  honour  which  he  afterwards  held 
during  the  years  1841, 1842,  and  1847. 

The  most  elaborate  paper  which  Mr.  Hamilton  contribute<l  to  our 
Quarterly  Journal  was  that  on  tho  Geology  of  the  Mayence  Basin, 
read  in  1854.  This  detailed  description  of  the  remarkable  iiltcr- 
nations  of  marine  and  freshwater  Tertiaries  extending  more  or  less 
from  Wiesbaden  by  Mayenoe  to  Biirkhcim  is  foUowcd  by  theoretical 
considerations  explanatory  of  the  changes  which  have  introduced  and 
then  checked  the  growth  of  a  marine  fauna  in  the  midst  of  the  Con- 
tinent. And  the  character  of  some  of  the  moUusca  straightway 
snggeated  to  the  author  that  during  the  Middle  Tertiary  period  a 
depression  of  such  a  nature  must  have  token  place  as  to  open  a 
communication  between  this  region  and  the  Mediterranean,  to  be 
oflerwards  dosed  again,  probably  at  the  time  when  a  movement  of 
elevation  Buoceoded  to  the  great  and  long-continued  depression  which 
had  permitted  the  aoeumuLation  of  thousands  of  feet  in  thickness  of 
marine  strata  in  North  Switzerland. 

In  the  same  year  Mr.  Hamilt<m  was  elected  President  of  the 
Soeioty.  on  the  occasion  of  Edward  Forbes  being  called  away  from 
London  to  take  the  Professorship  at  Edinburgh.  A  short  residence 
OA  the  Bhine  bad  made  the  new  President  aoquainted  with  Fridolin 
And  otJiAn  of  the  West-German  geologists,  aad  with  the 


XSXkl  rBOCETDIXGS  OF  THE  GEOLOGICAL  SOCIETT. 

Ruhjett?  of  ihc'ir  studio? ;  and  in  the  ensuing  roar  lie  followed  up 
his  Mavt-nco  paper  by  another,  on  the  "  Tertiary  ITonnations  of  the 
North  of  Germany,"  with  especial  reference  to  those  of  Hesse  Cassel 
and  its  neighbourhood,  together  with,  somewhat  later,  observations 
accompanying  a  notice  of  Professor  Bcyrich,  on  the  position  of  the 
"  Brown  Coals  of  North  Germany/' 

In  the  same  year,  1S35,  he  accepted  the  office  of  Juror  at  the 
International  Kxhibition  of  Paris,  offered  him  by  virtue  of  his  posi- 
tion as  President  of  the  Society ;  and  as  I  was  appointed  joint  Juror 
for  the  same  department,  we  passed  some  weeks  in  examining  toge- 
ther the  variou>  mineral  and  geological  contributions  brought  together 
at  tliat  great  gathering.  It  was  on  this  occasion  that  I  had  for  the 
first  lime  the  opportunity  of  becoming  acquainted  with  our  late  Pre- 
f^ident's  many  sterling  (piahties  ;  and,  thrown  together  with  him  day 
after  day  into  positions  *vhich  called  for  much  exercise  of  kindly 
feeling,  and  for  a  knowledge  of  divers  languages,  amid  discussions  in 
which  Frinrh,  German,  and  Italian  came  into  play,  I  found  it  most 
satijr factory  to  be  associated  with  a  man  of  so  catholic  a  spirit  and  so 
complete  a  knowledge  of  the  diverse  nationalities  which  were  there 
brought  into  contact. 

His  two  successive  Anniversary  Addresses  were  also  examples  of 
the  conscientious  labour  with  which  he  applied  himself  to  the  in- 
terests of  the  Societv ;  for  he  had  carefully  read  and  condensed  almost 
even'  paper  and  book  which  had  been  published  on  geological  sub- 
jects during  the  term  of  his  Presidency. 

During  the  latter  portion  of  his  career  Air.  Hamilton  occupied  himself 
much  witli  Indian  affairs,  and  served  as  Director  and  as  Chairman 
of  the  Board  of  the  Great  Indian  Peninsula  Bailway  Company  from 
1841*  to  1S67.  In  scientific  matters  he  was  interested  especially  in 
the  Tertiarj'  deposits,  and,  with  a  view  of  furthering  his  studies  in 
that  direction,  entered  with  great  zeal  into  recent  eonchology.  He 
also  paid  a  lengthened  visit  to  the  Channel  Islands,  and  collected  an 
extensive  suite  of  rock- specimens ;  but,  although  he  had  prepared 
ample  notes,  he  never,  I  believe,  published  on  the  subject. 

In  several  successive  years  Mr.  Hamilton  took  part  in  excursions 
made  by  several  Follows  of  the  Society,  generally  under  the  guidance 
of  Mr.  Prestwic-li,  to  parts  of  Franci*  and  Bel^^um.  And  it  would 
t-urprise  those  who,  jis  strangers,  complained  that  his  manner  was 
cold,  to  find  that  no  one  contributed  more  than  our  late  President, 
by  his  unselfishness  and  unflagging  good  humour,  to  the  success  of 
these  Easter  expeditions. 

Soon  after  his  election  to  the  Presidency  of  our  Society,  in  1865, 
it  became  evident  that  ^fr.  Hamilton,  although  a  man  of  athletic 
irame,  and  one  who  had  hitherto  looked  younger  than  his  yean,  was 
suffering  from  an  internal  complaint  which  greatly  reduced  his 
powers.  He  \isited  the  German  baths,  and  passed  somo  months  in 
Italy ;  but,  although  for  a  time  he  appeared  to  improve  in  health, 
the  insidious  disease  was  advancing  upon  him.  He  was  able,  in 
tolerable  strength  and  good  spirits,  to  give  his  Anniversary  Address 
and  to  resign  his  Presidency  in  1866,  but  was  sadly  weakened  when 
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he  returned  to  England  about  a  twelvemonth  afterwards ;  and  yet  it 
was  very  unexpectedly  that  his  many  friends  received  the  sad  tidings 
of  his  premature  decease. 

Although  the  Eabl  of  Hosse  was  not  so  thoroughly  a  geologist  as 
to  frequent  our  meetings,  the  demise  of  that  eminent  leader  in  the 
scientific  world  reminds  us  that  we  have  lost,  not  only  a  sincere 
friend  to  science  at  large,  but  a  Fellow  of  our  own  Society  of  thirty- 
five  years  standing.  He  was  born  at  York,  the  17th  June,  1800; 
but  bis  family  having  lonp:  been  settled  in  Ireland,  his  education  was 
earned  on  in  part  at  Trinity  College,  Dublin,  and  a  great  portion  of 
his  life  was  devoted  to  the  fulfilment  of  the  duties  of  a  wise  and 
generous-hearted  resident  landlord  among  his  tenantry  at  Parsons- 
town.  At  an  early  age  (very  soon,  indeed,  after  taking  a  first-class 
in  mathematics  at  Oxford)  he  entered  life  as  representative  of  the 
King's  County,  and  in  1845  took  his  seat  in  the  Koiise  of  Lords ; 
but  he  is  far  better  known  for  the  zeal  and  assiduity''  which  he  be- 
stowed on  mechanics  and  astronomy,  out  of  which  arose  the  famous 
reflecting  telescope  on  a  scale  before  unattempted,  and  a  long  list  of 
honours  conferred  on  him  by  home  and  foreign  scientific  bodies. 
For  several  years  ho  occupied,  with  general  approbation,  the  distin- 
guished position  of  President  of  the  Eoyal  Society,  and  in  1862  he 
was  appointed  Chancellor  of  the  University  of  Dublin.  The  only 
comfort  left,  on  the  loss  of  a  man  so  beloved  in  private  life,  and  so 
useful  as  a  bright  example  in  his  country,  lies  in  the  fact  that  he  is 
followed  by  a  successor  whose  tastes  are  also  of  that  intellectual  kind 
which  adorn  and  fortify  a  high  position. 

By  the  decease  of  Dr.  Daxjbent*  the  University  of  Oxford  has  lost 
the  one  resident  who,  by  his  early  social  intimacies  and  incessant 
labours  in  science,  kept  alive  the  memory  and  prolonged  the  influ- 
ence of  the  age  of  Conybeare,  Buckland,  and  Duncan.  Prced  from 
most  of  the  anxieties  of  life,  animated  by  a  perpetual  desire  to 
advance  knowledge,  guided  by  a  fine  literary  taste,  and  placed  in  a 
position  of  honour  and  influence,  few  men  have  better  employed 
these  advantages  in  college  arrangements.  University  business,  or 
public  proceedings  in  favour  of  literature  and  science.  The  labours 
of  fifty  years  have  been  fitly  closed  in  the  quiet  of  his  own  home, 
under  the  shadow  of  the  walls  which  first  received  him  as  a  student, 
in  the  midst  of  the  beautiful  garden  which  he  had  enriched  and 
enlarged,  and  surrounded  by  friends  whose  grief  in  losing  him  must 
be  the  greater  the  longer  was  their  knowledge  of  him. 

Charles  Giles  Bridle  Daubeny,  who  was  bom  Feb.  11,  1795,  at 
Stntton,  in  Gloucestershire,  was  the  third  son  of  the  Bev.  James 
Daubeny.  He  entered  Winchester  School  in  1808,  and  was  elected 
to  a  demyship  in  Magdalen  College,  Oxford,  in  1810.  In  1814  he 
took  his  degree  of  B.A.  in  the  Second  Class ;  in  1815  he  won  the 
Latin  Essay,  and  then  proceeded  to  Tendon  and  Edinburgh  as  a 

*  For  ihb  biogrwhy  of  Dr.  Daubeny  the  President  was  indebted  to  Prof.  J. 
FhflHpSk  F JGU9.,  of  O^brd. 
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medical  student  (1815-181 8).  The  lectures  of  Prof.  Jameson  in 
Edinburgh  attracted  his  earnest  attention,  and  strengtheuKl  that 
desire  to  cultivate  natural  science  whicli  had  been  awakened  bv  the 
teaching  of  Dr.  Kidd,  in  the  dark  cliambers  under  the  Ashmolean 
Museum.  The  light  was  tlien  raging  in  Edinburgh  Ix-twecn  Hut- 
tonians  and  AVemerians ;  and  the  possession  of  Arthur's  Seat  and 
Halisbury  Craig  was  st^^nily  debated  by  tlie  rival  sectfl.  Daubeny, 
after  ipiitting  the  Univi*rsity  of  Edinburgh,  proceeded  (in  1810)  on 
a  leisurely  tour  through  Erance,  and  sent  to  Prof.  Jameson  from 
Auvorgno  the  earlitnst  *  notices  which  had  appeared  in  England  of 
that  remarkable  volcaTiio  regicm.  Sume  of  the  views  aftervvanls 
advanced  by  the  young  physicist  touching  the  geological  ago  of  the 
valleys  of  Auvergnet  have  In-en  examined  by  later  writers — Scroj)e, 
Murchison,  Lycll ;  while  the  i)rehiston<*.  antiipiity  of  the  volcanos 
themselves  has  been  questioned  even  Avithin  a  few  years,  and  de- 
fended by  none  more  effectually  tlian  by  Dr.  DaubenyJ.  From  the 
beginning  to  the  end  of  his  scientific  career,  volcanic  phenomena 
occupied  tho  attention  of  Dr.  Daubeny ;  and  lie  strove  by  frequent 
journeys  abroad — through  Uungarj-  and  Transylvania,  Italy,  Sicily, 
France  and  Ctemiany — to  extend  his  knowledge  of  tliat  interesting 
subject.  In  1 82.* J- 1  ^2o  he  had  by  this  means  prepared  the  basis  of 
his  great  work  on  Volcanos,  which  appeared  in  1826,  and  contained 
can^ful  descriptions  of  all  tho  regions  known  to  be  visited  by  igneous 
eruptions,  and  a  consistent  hypothesis  of  the  cause  of  thermic  dis- 
turbance, in  accordance  with  the  views  of  Uay-Lussac  and  Davy. 
Water,  admitted  to  the  uncombined  1)ase8  of  the  earths  and  alkalis 
existing  below  the  oxidized  crust  of  the  globe,  was  shown  to  bo  an 
efficient  cause  of  local  high  tenii)erature,  and  a  real  antecedent  to 
the  earthquake  movements,  tho  flowing  lava,  and  tho  exixilled  gas 
and  steam.  In  latcT  years  Dr.  Daubeny  freely  admitted,  as  at  li«8t 
YOty  probable,  a  high  interior  temjieraturo  of  the  earth ;  but  he  did 
not  allow  that  the  admission  of  water  to  a  heated  interior  oxidized 
moss  woidd  account  for  the  chemical  effects  which  accompany  and 
follow  an  eruption§.  (hi  this  point  we  have  still  data  to  be  gathered 
and  inferences  to  ho  examined. 

Four  years  previous  to  t!io  publication  of  tho  'Description  of 
Volcanos,'  Dr.  Daubeny  was  appointed  to  succeed  Dr.  Kidd  as  Pro- 
fessor of  Ghemistr}%  and  took  up  liis  abodo  in,  or  rather  below, 
the  time-honoured  museum  founded  by  Ashmolc.  In  those  rather 
gloomy  apartments  nearly  all  the  scientific  teaching  of  Oxford  bad 
been  accomplished  since  tho  days  of  Kobert  Plot ;  in  them  were 
still  collected  (in  1855),  by  gas-hght  and  fumacc-fircs,  tlio  most 
lealouB  students  of  practical  chemistry;  but  now  they  are  filled 
with  Greek  sculpture ;  and  chemistry  has  flitted  to  the  magnificent 
laboratories  of  the  University  Museimi,  directed  by  Sir  ^njamin 

*  <*  letters  on  the  VolcanoH  of  AiiTei-gne.**  in  Jamc«on*s  Edinburgh  Jounitl, 
Yol.  iii.  p.  3iV.),  ftnd  vol.  iv.  pp.  89  &  300,  1820-1821. 

t  Edmbtu^h  New  rbil.  Journ.  vol.  z.  p.  201, 1^31. 

i  Quaiterlv  Journal  of  Science,  vol.  iii.  1866,  p.  U19. 

I  ■*  Memoir  on  the  Thermal  Waters  of  Bath,'*  Brit  Aesoo.  Beport,  Tnns. 
Secti.  18&I,  p.  ao. 
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Brodie.  Long  before  thia,  however,  Dr.  Daubeny  had  been  appointed 
Profcflsor  of  Botany  (1834),  and  hod  migrated  to  tho  Botanic  Gar- 
den, founded  in  li}32  by  tho  Earl  of  Danby,  and  there  delivered  his 
lectures  ou  chcniistry  and  botany.  Here,  during  many  years  of 
inoesaant  activity,  he  instituted  numerous  experiments  on  vegetation 
under  different  conditions  of  soil,  on  tho  effects  of  light  on  plants 
and  of  plants  on  light,  on  tho  distribution  of  i)otash  and  phos- 
phorus in  leaves  and  fhiits,  examined  tho  conservability  of  soeds, 
measured  the  ozonic  element  of  the  atmosphere,  and  te8tod  the 
effect  of  varying  proportions  of  carbonic  acid  on  plants  analogous  to 
those  of  the  Goal-measiu'es*.  In  1831  api)eared  his  sketch  of  tho 
Atomic  Theory.  A  favourite  subject  of  research  with  Dr.  Daubeny, 
naturally  springing  from  his  volcanic  explorations,  was  the  chemical 
history  of  mineral  waters.  The  presence  of  ickliiie  and  bromine  in 
some  of  these  fonned  the  subject  of  a  paper  in  the  '  Philosophical 
Transactions'  for  1830;  and  a  lleport  to  the  British  Association  in 
183(5  included  a  general  survey  of  mineral  and  thermal  waters. 
This  subject  was  not  neglected  in  his  North  American  tour  (18.'J7- 
1838),  which  contains  a  great  number  of  interesting  observations 
on  the  character  of  the  coimtry  which  he  traversed,  and  its  educa- 
tional institutions,  where  he  was  heartily  welcomed. 

Dr.  Daubeny  oommunieated  to  the  Geological  Society  in  1844  the 
results  of  a  journey  undertaken  by  him  with  Ca])t.  Widdrington, 
K.N.,  F.K.S.,  to  the  south-east  of  Spain,  for  the  puri)OBe  of  inves- 
tigating the  conditions  of  occurrence  of  the  phosphorite  of  Logrosan. 
He  was  accustomed  to  travel  on  tho  Continent  almost  every  year, 
and  generally  brought  back  with  him  notes  serving  to  illustrate 
some  of  his  favourite  subjects. 

So  soon  as  the  arrangements  were  made  for  the  location  of  clio- 
mistry  in  its  new  abode  at  Oxford,  Dr.  Daubeny  took  the  occasion 
of  resigning  the  Chair  of  Chemistry,  and  used  all  his  influence  to 
incrcaso  the  efficiency  of  the  office  and  secure  the  servicer  of  tho 
present  eminent  professor.  In  his  position  as  a  teacher  of  ]k)tany 
he  took  pleasure  in  drawing  attention  to  the  historic4il  aspects  of  his 
subject,  and  specially,  as  a  part  of  his  duty,  treated  of  rural  economy 
both  in  its  literary  and  in  its  practical  bearing.  Hence  arose  the 
'  Lectures  on  Homan  Husbandry'  (1857),  written  in  a  style  very 
creditable  to  the  classical  training  of  his  early  years,  and  contain- 
ing a  full  account  of  the  most  important  passages  in  Jjatin  authors 
bearing  on  crops  and  culture,  the  treatment  of  domestic  aninmls, 
and  horticulture.  To  this  is  added  an  interesting  catalogue  of  the 
plants  noticed  by  Dioseorides,  arranged  in  the  modem  Natural 
Orders.  This  was  followed  after  a  few  years  by  a  valuable  '  Essay 
on  the  Trees  and  Shrubs  of  the  Ancients,'  and  a  '  Catalogue  of  the 
Trees  and  Shrubs  indigenous  in  Greece  and  Italy'  (1865).  During 
a  few  lato  winters  Dr.  Daubeny  found  it  desirable  to  exchange  his 
randonoe  in  Oxford  for  the  milder  climate  of  Torquay.  Here  his 
actiTity  of  mind  was  equally  manifested  by  public  lectures  oa  the 

*  MiiotlkiMOwi  IfMBoirs  and  Emvi,  1867;  British  AfsoeiatUon  Beporto, 
lWr-1857. 
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tcmpcraturo  and  other  atmospheric  conditions  of  that  salubrious 
resort,  and  by  cx]>orimcnts  on  ozone  and  the  usual  meteorological 
elements  in  comparison  with  another  series  in  Oxford.  By  this 
connexion  with  Devonshiro  ho  was  induced  to  join  the  Association 
in  that  county  for  the  advancement  of  Science,  literature,  and  Art; 
and  one  of  liis  hitest  public  addresses  was  delivered  to  that  body,  as 
President,  in  1 80/5.  In  his  whole  career  Dr.  Daubeny  was  full  of 
that  practical  public  spirit  which  delights  in  cooperation,  and  feeds 
upon  the  hope  of  benefiting  humanity  by  association  of  men.  Wlien 
the  British  Association  came  into  being  at  York  in  1831,  Daubeny 
alone  stood  for  the  Univcreitiea  of  England,  and,  so  standing,  boldly 
invited  that  body  to  visit  Oxford  in  1832.  Quce  nisi  feciis.'fef,  it  is 
not  at  all  clear  that  the  then  growing  nestling  would  ever  have 
reached  maturity.  In  1850  he  became  President  of  the  Association, 
at  Cheltenham,  in  the  coimtrj'  of  his  birth,  amidst  numerous  friends, 
who  caused  a  medal  to  be  struck  in  his  honour — the  only  occurrence 
of  this  kind  in  the  annals  of  the  Association.  The  same  earnest 
spirit  was  manifested  in  all  his  academic  life.  No  project  of  change, 
no  scheme  of  improvement  in  University  examinations,  no  modi- 
fication in  the  system  of  his  own  college  ever  found  him  indifferent, 
prejudiced,  or  unpn»pared.  On  almost  every  such  question  his 
opinion  was  formed  with  rare  impartiality,  and  expressed  with  os 
rare  intrepidity.  Firm  and  gentle,  prudent  and  generous,  cheerful 
and  sympathetic,  calm  amid  jarring  creeds  of  contending  parties — 
the  inrtuence  of  such  a  man  on  his  contemporaries  for  half  a  century 
of  active  and  thoughtful  life  fully  matched  the  effect  of  his  published 
works.  His  latest  labour  was  to  gather  his  '  Miscellaneous  Essays' 
into  two  very  interesting  volumes ;  and  then 

"  mult  18  illo  bonis  flcbilis  occidit," 

at  midnight  of  Thursday,  December  12,  1807. 

TTia  remains  are  to  bo  laid  in  a  vault  adjoining  the  walls  of  Mag- 
dalen College  Chapel,  in  accordance  ^dth  his  own  expressed  wish, 
<'  that  ho  might  not  be  separated  in  death  from  a  society  with 
which  he  had  been  connected  for  tlie  greater  part  of  his  life,  and 
to  which  he  was  so  deeply  indebted,  not  only  for  the  kind  coun- 
tenance and  support  ever  afforded  him,  but  also  for  supplying  him 
with  the  means  of  indulging  in  a  career  of  life  at  once  so  con- 
genial to  his  tasto  and  the  best  calcidated  to  render  him  a  useful 
member  of  the  community.*' 

Among  our  losses  of  the  past  year  are  some  of  the  very  oldest 
Fellows  of  the  Society,  men  who,  although  they  appeared  but  littlo 
among  us,  had  played  a  most  useful  part  in  the  formation  of  the 
first  nucleus  of  friends  of  geological  science. 

Among  those,  Mr.  AsnmsT  Majendie,  of  Hedingbam  Castle^  in 
Essex,  who  died  on  the  7th  October  last,  at  the  ripe  age  of  83,  had 
interested  himself  up  to  the  last  in  our  pursuits.  Somewhat  deli- 
cate of  constitution  in  early  life,  he  passed  some  years  in  the  south 
of  Cornwall^  and,  having  tho  good  fortune  to  be  aasodated  with  such 
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men  as  Davies  Gilbert  and  Dr.  Paris,  he  took  an  active  part  in  the 
affairs  of  the  Koyal  Geological  Society  of  that  county,  and  of  the 
Hoseom  at  Penzance.  Notes  and  specimens  he  collected  largely ;  but 
a  natural  diffidence  appears  to  have  prevented  his  coming  forward 
prominently  as  an  authority  on  scientific  subjects.  He  contributed 
only  a  few  very  brief  papers  to  the  Transactions  of  that  Society,  in 
1818 :— one  on  the  Coast  West  of  Penzance,  and  on  the  Structure  of 
the  Sdilly  Islands ;  and  another  on  the  Geology  of  the  Lizard  dis- 
trict. 

In  1832  he  was  appointed  one  of  the  Assistant  Poor-Law  Com- 
missioners, and,  after  succeeding  to  his  family  property  in  the  year 
following,  devoted  himself  mainly  to  the  duties  of  a  country  gentle- 
man and  magistrate.  Mr.  Majendie,  however,  never  lost  his  taste 
for  scientific  subjects,  and  was  frequently  to  be  seen  at  our  meet- 
ings and  at  those  of  the  Boyal  Society,  whUst  nothing  gave  him 
greater  pleasure  than  to  come  with  a  few  of  his  old-collected  speci- 
mens in  his  pocket  to  visit  a  friend  and  discuss  with  him  some  of 
the  Cornish  minerals. 

Mr.  Majendie  married,  in  1831,  the  eldest  daughter  of  John  Grif- 
fin, Esq.,  the  sister  of  Lady  Franklin,  but  left  no  children. 

Sib  Geoboe  Clebk,  Bart.,  of  Penicuick,  was  bom  in  1787,  was 
educated  at  Eton,  and  became  an  honorary  D.C.L.  of  Oxford.  He 
was  called  to  the  Scottish  bar  in  1809,  and,  soon  afterwards  entering 
Parliament,  occupied  himself  chiefly  with  political  matters,  and  held 
the  offices  successively  of  Under  Secretary  for  the  Hbmo  Depart- 
ment, Assistant  Secretary  to  the  Treasury,  and  Yice-President  of 
the  Board  of  Trade.  As  early  as  1812  he  joined  the  Geological 
Society ;  but  although  an  intelligent  amateur  of  our  own  science  as 
well  as  of  various  branches  of  natural  history,  he  appears  never  to 
have  taken  an  active  part  in  the  affairs  of  our  Society.  He  died  the 
23rd  of  December,  1867. 

Snt  Chableb  Lexon,  Bart.,  of  Cardew,  in  Cornwall,  was  bom 
in  1784,  and  throughout  his  long  life,  while  fulfilling  well  the 
duties  of  his  county  position,  and  for  a  great  many  years  those  of  a 
Member  of  Parliament,  offered  an  excellent  example  of  the  salutary 
influence  which  may  be  exercised  by  a  friend  and  patron  of  science 
and  the  fine  arts.  He  became  a  Fellow  of  the  Geological  Society 
in  1813,  and  afterwards  took  a  prominent  part  in  the  installation 
of  local  associations  intended  to  promote  scientific  studios.  He 
became  President  of  the  Polytechnic  Society,  which  holds  its  annual 
meetingB  at  Falmouth ;  and  his  hospitable  mansion  at  Cardew  was 
ever  the  ndlying-point  on  those  occasions  for  whatever  scientific 
viflitoni  he  could  induce  to  penetrate  so  far  to  the  west.  He  was 
dao  President  for  some  years  of  the  Royal  Geological  Society  of 
Gamwall ;  and  when  a  quarter  of  a  century  ago  the  question  of  a 
miiiiiig-school  for  Cornwall  was  mooted.  Sir  Charles  Lemon  was 
fbcemost  in  endeavoaring  to  bring  it  to  a  practical  issue.  But  his 
^nnest  wishes  and  hia  munificent  offer  of  a  donation,  upon  certain 
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conditionB,  of  ;£10,000,  alike  broko  down  before  obBtructiYe  prejudices 
and  sectarian  jealousy. 

Sir  Charles  married,  in  1810,  the  youngest  daughter  of  the  Earl 
of  Ilchester,  but  leaves  no  surviving  ohildron.  Notwithstanding  a 
very  serious  illness  by  which  he  was  attacked  a  few  years  ago,  the 
deceased  Baronet  continued  to  exercise  his  hospitalities  at  Carelcw, 
and  was  able  to  attend  his  parish  church  within  two  days  of  his 
death,  which  took  plac«  on  the  11th  of  February,  1808,  in  the  eighty- 
fourth  year  of  his  age. 

Dr.  James  Black,  formerly  a  resident  at  Manchester,  died  in 
April  last  at  Edinburgh,  at  tlio  aji^c  of  70.  Whilst  in  the  practice 
of  his  profession  of  medicine  in  Lancashire,  he  mingled  much  with 
those  iiiends  of  8(*it'Uco  wlio  frequented  the  meetings  of  the  Geolo- 
gical and  of  the  Philosophical  Society  of  Manchester,  lie  became  a 
Fellow  of  our  own  Society  in  1838,  and  of  the  Geological  Society  of 
France  in  1^48.  Dr.  Black  contributed  sundr}'  communications  to 
the  MandicstcT  societies,  some  on  archaeological  and  others  on 
geological  subjects. 

One  of  the  most  far-tmvelled  of  our  Fellows  was  ^fr.  Evax 
HoPKiifs,  who  died  last  summer  at  the  comparatively  early  ago  of 
i37.  Mr.  Hopkins  was  a  native  of  Swansea,  and  passed  his  juvenile 
years  in  learning  various  branches  of  the  processes  of  iron-making 
at  the  great  establishments  of  Penj'darran,  Dowlais,  and  Khymnoy. 

In  1833  he  received  an  appointment  which  took  him  out  to  South 
America,  to  assume  for  an  English  company  the  responsible  ehai^ 
of  the  gold-works  of  Marmato,  and  soon  afterwaixls  was  entrusted 
>vith  the  chief  direction  of  the  silver-mine  of  Santa  Anna,  and  of 
all  the  affairs  of  the  Columbian  Mining  Association.  On  returning 
to  England  in  1843  he  pubh'shed  a  work  on  Geology  and  Mag- 
netism, containing  a  variety  of  extremely  original  views,  illustrated 
by  reference  to  numerous  observations  of  his  own.  After  a  further 
visit  to  America,  in  the  course  of  which  ho  made  extensive  travorses 
across  the  Andes,  and  effected  a  survey  of  the  Isthmus  of  Panama, 
he  read  a  paper  before  this  Society  in  March  1850,  on  the  rocks 
and  cleavage  of  the  great  South-American  chain,  supporting  his 
statements  by  a  beautifully  drawn  section  from  the  Pacific  through 
Bogota  to  tho  plains  of  tlio  Meta.  But  the  views  of  the  author  on 
the  subject  of  tlie  mutual  relations  of  tho  rocks  were  very  iKHnilior, 
and,  although  he  deserves  the  credit  of  having  strongly  put  forward 
the  importance  of  tho  phenomena  of  cleavage  at  a  time  when  they 
had  attracted  tlie  attention  of  only  a  limited  class,  his  knowledge  oif 
stratigraphicol  geology  was  too  imperfect  to  keep  up  with  his  native 
genius  and  witli  his  industry  as  a  surveyor.  Ho  insisted  strongly 
on  the  universality  of  a  certain  direction  in  the  strike  of  the  planei 
of  cleavage,  and  on  a  vertical  transition  from  the  less  to  the  more 
highly  crystalline  rocks ;  whilst  his  arguments  against  the  igneous 
origin  of  granite  entitle  him  to  be  placed  among  the  leaders  of 
a  now  schoolj  who  have,  however,  hitherto  been  &r  from  agreeing 
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among  themselves  on  a  general  explanation  of  the  occurrence  of  that 
important  rock« 

In  1852  Mr.  Hopkins  proceeded  to  Australia  as  the  professional 
adriser  of  some  of  the  gold-mining  companies^  and  applied  adran- 
tageonsly  in  the  new  colony  the  results  of  his  former  experience  in 
the  treatment  of  the  ores  of  the  precious  metal.  He  communicated 
to  the  Society  on  Ynn  return,  in  1854,  a  brief  account  of  his  views 
on  the  gold-bcaiing  rocks  of  Victoria.  During  several  years  after- 
wards he  was  often  occupied  in  visiting  home  and  foreign  districts 
for  the  purpose  of  reporting  on  their  mining-capabilities,  and  for 
the  lost  two  years  devoted  much  time  and  practical  experiment  to 
the  subject  of  demagnetizing  iron  ships.  On  this  latter  subject  he 
suggested  novel  methods,  which  ho  did  not  live  to  carry  out  to  com- 
pletion. 

The  late  Admiral  Theobald  Jones,  M.P.^  was  bom  in  1790, 
entered  the  Navy  in  1803,  and  up  to  the  close  of  the  war  was  con- 
stantly occupied  in  active  service  in  the  North  Sea  and  in  the  Medi- 
terranean. For  many  years  ho  sat  in  Parliament  for  Londonderryi 
and  in  his  leisure  time  formed  a  large  and  fine  collection  of  fish- 
remains  from  the  Carboniferous  Limestone  of  Ireland. 


On  proceeding  to  pass  under  i*eviow  some  of  the  recent  works 
which  have  thrown  a  light  on  one  portion  or  another  of  our  Science, 
1  would  fain  commence  by  a  few  words  on  tho  progress  of  that  de- 
partment which  most  readily  comDiands  the  appreciation  of  the 
public,  viz.  the  exploration  of  the  mineral  structure  of  the  country, 
which  has  been  set  on  foot  by  every  Government  of  Europe  and  by 
that  of  tho  United  States. 

The  Geological  Survey  of  tho  United  Kingdom  is  advancing  ra- 
pidly, especially  in  the  coal-fields.  Tho  maps  of  the  Lamsley  dis- 
trict, on  the  scale  of  6  inches  to  a  mile,  are  nearly  completed,  and  a 
considerable  part  of  tho  Lower  Coal-mea&ures  and  Millstone-grit  has 
been  surveyed  as  far  as  the  north  end  of  the  coal-field.  The  survey 
of  the  Lancashire  coal-field  is  now  complete,  and  the  G-inch  maps 
ue  in  tho  hands  of  the  engraver. 

Nearly  300  square  nules  of  the  Northumberland  and  Durham 
eoal-field  have  been  sun*eyed,  and  the  publication  of  some  of  the 
new  maps  of  tho  area  is  far  advanced. 

In  other  areas,  the  Silurian  and  adjoining  formations  are  being 
mapped  in  Cumberland  and  Westmoreland ;  and  in  Northampton- 
shire the  survey  of  the  Oolitic  rocks  is  progressing  northward.  The 
Eoceno  formations  on  both  sides  of  the  Thames,  and  far  to  tho  north, 
have  been  entirely  surveyed,  and  the  maps  arc  being  engraved ;  and 
the  Bhsetic  or  Penarth  beds  are  being  added  to  the  previously  pub- 
lished maps  of  Uie  west  of  England. 

Whether  the  Government  bo  anxious  to  prove  their  sense  of  the 
practical  value  of  our  science,  or  only  to  get  a  certain  piece  of  work 
more  zapidlj  ont  of  hand,  they  have  taken  a  measure  well  calculated 
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to  form  a  body  of  sound  observers  by  greatly  increasing  the  staff  of 
the  geological  survey.  The  augmentation  amounts,  in  all,  to  33 
assistant  geologists,  viz.  21  for  England,  6  for  Ireland,  and  6  for 
Scotland ;  whilst  the  organization  has  been  modified  by  the  appoint- 
ment of  a  separate  director  for  Scotland,  Mr.  Archibald  Geilde, 
Prof.  Ramsay  and  Air.  Jukes  retaining,  as  before,  their  control  over 
the  sur^'cys  of  England  and  Ireland  respectively. 

Under  these  directors,  Messrs.  Avdine  and  Bristow  have  been  ap- 
pointed "  district  surveyors  "  for  England,  Mr.  Du  Noyer  for  Ireland, 
and  Air.  Hull  for  Scotland. 

Out  of  the  total  number  of  fresh  posts,  only  19  have  as  yet  been 
filled  up,  the  requirements  of  the  Civil  Service  examination  having 
kept  back  some  candidates  who,  in  other  respects,  were  well  qualified ; 
and  as  most  of  the  number  are  necessarily  new  to  the  work,  it  is 
not  to  bo  expected  that  any  great  advance  in  the  amount  of  surveys 
completed  can  be  looked  for  until  a  couple  of  years,  at  least,  have 
been  allowed  for  instruction  and  practice  in  the  field. 

In  spite  of  the  obstructions  opposed  to  industry  in  Italy  by  the 
e!xcitcmcnt  and  lavish  expenditure  of  the  recent  poHtical  situation, 
it  is  consolatory  to  Icam  from  Elorcnce  that  arrangements  have  been 
made  for  the  establishment,  in  connexion  with  the  ministry  of  Agri- 
culture &c.,  of  a  Committee  for  the  preparation  of  a  great  Geolo- 
gical Alap  of  Italy,  with  an  organization  similar  to  that  of  the 
geological  commission  of  Portugal.  Sign.  Igino  Cocchi,  whose  fre- 
quent attendance  at  our  meetings  will  be  remembered  by  the  Society, 
is  charged  with  its  direction,  and  Messrs.  Meneghini,  Gastaldi,  and 
Pasini  are  his  colleagues.  Several  works  of  interest  have  lately 
proceeded  from  the  pen  of  some  of  those  eminent  cultivators  of 
natural  science,  among  which  I  will  only  refer  to  the  description  of 
the  Ammonites  of  the  lias  by  Meneghini,  in  the  '  PalaK>ntology  *  of 
the  Abbe  Stoppani,  and  to  the  discussion  of  the  Tertiary  and  super- 
fici.il  deposits  of  the  Upper  Yal  d*Amo  and  the  Yal  di  Chiana,  by 
Cocchi  ♦. 

The  discovery  in  these  beds,  at  a  place  called  the  Olmo,  near 
Arczzo,  of  a  human  skiill  of  great  size  and  peculiar  type,  attaches  to 
them  a  high  importance  in  connexion  with  the  antiquity  of  man* 
The  conclusions  of  the  Italian  geologist  are  sufficiently  startling  to 
rouse  the  attention  and  call  for  the  corroboration  of  other  observers. 
The  exhumation  of  the  skidl,  at  15  metres  depth,  from  a  lacustrine 
deposit  in  a  deep  railway-cutting  was  fortunately  witnessed  by 
Cocchi  and  others ;  and  his  examination  of  the  neighbourhood  leads 
him  to  infer  that  it  lay  quite  at  the  base  of  the  Postpliocene  fbnn- 
ation,  beneath  remains  of  Elephas  primigtnixu^  Cervus  eurueeroSf 
Bison  priscus,  and  other  extinct  mammals,  that  it  was  bnned  in 
the  mud  of  a  lake  which  existed  at  a  time  when  the  surfaoe-contour 
of  the  coimtry  was  extremely  different  from  the  present,  and  that, 
in  fine,  man  existed  in  the  Prseglacial  period. 

Another  conclusion  of  much  interest  has  been  arrived  at  by  the 

«  "  L*Uonio  fonile  nell'  Italia  centrale,  di  Igino  Cocchi,"  Memorie  deUa 
See.  Itnl.  di  Scicnie  nnturnli.    Milano,  18G7. 
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Tuscan  geologiBts  with  reference  to  the  often  debated  question  of 
the  true  history  of  the  celebrated  marble  of  Carrara.  For  some  time 
past  these  marble  beds  have  been^  in  a  very  hypothetical  manner, 
placed  on  a  parallel  with  the  Lias ;  but  the  newer  researches  appear 
to  prove,  1st,  that  there  exist  two  successive  series  of  white  marbles; 
2dly,  that  the  upper  range,  as  greatly  developed  near  Pisa,  belongs 
generally  to  the  Trias ;  3rdly,  that  the  lower  series,  constituting  the 
greater  part  of  the  beds  of  Carrara  &c.,  are  covered  by  slates  and 
by  talooee  and  ampelitic  schists,  a  group  represented  in  the  Apuan 
AJps  by  the  formation  of  Tano  or  the  true  Verrucano ;  4thly,  that 
the  marbles  repose  in  their  turn  upon  crystalline  schists  (the  Yerru- 
cano  of  Savi),  which  are  now  considered  Preesilurian ;  and  hence, 
5thly,  that  we  must  revert  to  the  old  idea  wliich  assigned  the  mar- 
bles of  Carrara,  Serravesza,  &c.  to  the  PalsDozoic  period. 

The  admirable  work  which  has  been  accomplished  by  the  Austrian 
Government  Geological  Survey  is  doubtless  well  known  to  most  of 
our  associates;  and  as  I  have  received  from  my  valued  and  able 
friend,  Chev.  Franz  von  Hauor,  a  most  interesting  summary  of 
their  recent  results,  I  cannot  do  better  than  communicate  his  report 
by  allowing  him  to  speak  for  himself,  as  follows  : — 

*<  As  fiur  as  I  am  aware,  the  lustnnformation  on  the  progress  of  our 
labour,  laid  before  the  English  public,  was  in  a  Beport  addressed  by 
my  predecessor  in  the  management  of  the  Imperial  Boyal  Geological 
Beichaanstalt — our  honoured  Haidingcr — to  the  MectiTig  of  the 
British  Association  for  the  Advancement  of  Science  at  Birmingham. 

<*  Our  survey  work  has  been  carried  on  since  that  time  exclusively 
in  the  north-western  part  of  Hungary,  the  mapping  of  which  is 
now  already  completed  to  the  eastern  foot  of  the  highest  mountain- 
group  of  the  Carpathians,  the  central  mass  of  the  High  Tatra.  Very 
remarkable  are  Uie  analogies  as  well  as  the  contrasts  offered  by  this 
western  portion  of  the  Carpathians  (between  Presburg  and  the  me- 
ridian of  Kaschau)  in  comparison  with  the  Alps. 

"  The  several  groups,  distinctly  isolated  from  one  another,  of  crys- 
talline rocks  (granite  and  crystalline  schists)  which,  distributed 
very  irregularly,  come  to  light  throughout  the  district,  involuntarily 
leinind  one  of  the  so-called  central  masses  of  the  western  Alps ;  but 
the  icdimentary  rocks  which  surround  and  separate  them  from  one 
another  show  nothing  of  the  action  of  that  widely  developed  meta- 
BorpliiBm  which  the  rocks  of  the  schistose  envelope  of  iSie  central 
Alps  present  to  view.  Ifanifold  are  the  discoveries  which  have  been 
mo^t  out  by  a  dose  examination  of  these  sedimentary  beds.  The 
oldest  member  of  these,  as  established  with  any  degree  of  certainty, 
eoDsists  <^  the  schists  and  limestones  of  the  Culm-formation ;  yet 
Foetterle  has  lately  found  data  which  make  it  probable  that  a  still 
deeper--lyuig  group  of  strata,  consisting  of  quartzites,  schists,  lime- 
stemee,  ic*^  ii  to  be  placed  on  a  parsdlel  with  the  Silurian  Grey- 
wadke  of  the  Alps.  Widely  extended  masses  of  quartzite,  frequendy 
m  aaodation  with  Melaphyre,  but  unfortunately  always  without 
Qiguio  remains,  represent,  perhaps,  in  a  measure  the  Permian  or 
Djss  Fonnation.    Again  the  Trias  is  decidedly  recognised,  deve- 
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loped  in  niunerous  divisions  which  correspond  completely  with  the 
beds  known  to  occur  in  the  Alps,  and  especially  leidth  the  so-called 
Virgloria-Jcallc  with  its  Brachiopods  of  the  Wetteiikallc,  Beyond 
these  follow  the  Bhtctic  formation,  the  Lias,  Jura,  Chalk  (the  latter 
e.«ipecially  distinguished  by  the  occurrence  of  tliick  masses  of  dolo- 
mite, which,  petrographically,  are  not  to  be  distinguished  from  the 
far  more  ancient  Triassic  and  BhaDtic  dolomites  of  the  Alps),  and  at 
last  the  Eocene  formations. 

"  A  parallel  zone  of  limestone,  such  as  occurs  especially  so  dis- 
tinctly and  largely  developed  in  the  eastern  portion  of  the  Alps  to 
the  north  and  south  of  the  middle  zone,  is  totally  wanting  in  the  Car- 
pathians. The  pile  of  crystalline  central  masses  and  the  sedimcntan* 
rocks  enveloping  them,  and  which,  as  before  mentioned,  appear  to  re- 
present the  middle  zone  of  the  Alps,  is  followed  on  the  north,  imme- 
diately, by  the  broad  zone  of  the  long-known  Carpathian  Sandstones. 
We  have  succeeded  by  our  sun^eys  in  the  Carpathians  in  resolving 
this  zone  of  sandstone,  far  more  sharply  than  in  the  Alps,  into  its 
different  divisions,  and  are  enabled  not  only  to  separate  the  Eocene 
from  the  Cretaceous  sandstones,  but  also  in  these  latter  to  distinguish 
various  subdi^'isions.  One  of  the  most  remarkable  phenomena  in 
the  structure  of  the  Carpathians,  as  is  well  known,  is  the  peculiarly 
craggy  limestone  cliffs  towering  out  of  the  zone  of  sandstone  (the 
KUjipenlcalh,  as  it  was  called  by  Pusch),  to  explain  the  origin  of 
which  the  most  various  hyiwtheses  have  been  invented.  Our  in- 
vestigations have  proved  tiiat  strata  of  very  different  antiquity,  be- 
ginning with  the  lias  or  even  with  the  Trias,  and  extending  upwards 
to  the  Neocomian  formation,  have  participated  in  the  composition 
of  these  cliffs,  and  that  they  exhibit  disturbances  of  the  original 
stratification  such  as  are  very  seldom  to  be  observed  within  a  simi- 
lar area.  Every  one  of  the  numerous  cliffs  is  formed  of  a  gi\)at 
mass  of  limestone  composed  of  members  of  different  formations,  each 
of  which  stands  in  no  direct  connexion  with  its  neighbours ;  indeed 
it  is  often  the  case  that  several  masses  with  divergent  direction  of 
the  dip  and  strike  of  their  beds  take  part  in  the  composition  of  one 
and  the  same  cliff.  One  of  these  difiB  (near  Podbiel,  in  the  Aira 
county)  shows  a  complete  reversal  of  the  beds ;  from  the  Neoco- 
mian Fleckenmergely  as  the  lowest  member,  there  follow  in  it,  in  the 
ascending  order.  Jura  limestones  as  far  as  the  Lower  Lias ;  and 
moreover,  in  reference  to  the  question  which  is  engrossing  in  bo 
lively  a  manner  the  attention  of  geologists,  concerning  the  age  of 
the  limestone  with  the  Terebratula  diphya  and  its  allies,  and  on  the 
boundary  beds  between  the  Jura  and  Chalk,  these  diffii  provide  us 
with  the  most  important  points  of  comparison.  Heir  von  MojsiBOvics 
has  been  especially  Bucceesful  in  establishing  a  whole  series  of  groups 
of  beds  on  a  paraUel  with  the  Tithonian  itagty  in  which,  to  mention 
only  one  of  them,  the  Stramberg  limestone^  at  any  rate,  keeps  its 
place  in  the  Jura  formation. 

^*  One  of  the  most  remarkable  characteristics  which  distinguish 
the  Carpathians  from  the  Alps  is  the  enormously  massire  oocnrrence 
of  tnushytic  rocks  in  the  former.    It  is  true  that  our  detailed  ex- 
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aminations  have  not  yet  reached  the  two  greatest  of  these  features-f- 
the  range  extending  north  and  south  from  Eperies  to  Tokay  (which 
entfl  off  the  whole  mass  of  the  crystalline  and  older  sedimentary 
rocks  of  the  southern  half  of  the  Carpathians  on  the  east,  like  a  grand 
fault  of  dislocation,  and  yet  does  not  cause  any  disturhance  in  the 
regular  course  of  the  sandstones  lying  on  the  north),  and  then, 
secondly,  the  still  more  extensive  range  from  Yihorlat  to  Gutin 
(strctclung  from  north-west  to  south-east,  and  which  is  probably 
con  tinned  in  the  Hargitta  of  Transylvania).  But  our  labours  already 
include  the  thick  and  more  boss-shaped  masses  of  the  Matra  group, 
of  the  Ore  Mountains  of  Schemnitz  and  Eremnitz,  and,  lastly,  of  the 
neighbourhood  of  Gran.  Especially  do  the  Trachytes  appear  in  the 
latter  district  abundantly,  in  contact  with  newer  fossiliferous  Tertiary 
rocks.  It  is  evident  that  an  older  portion  of  these,  which  probably 
belongs  to  the  horizon  of  the  Upper  Oligocene  formation,  contains  no 
trace  of  the  debris  of  the  trachytic  rocks — ^that  these  last,  on  the 
other  hand,  occur  frequently  in  great  abundance  in  the  Leitha 
hmestone  and  the  marine  Miocene  beds  of  the  age  of  the  deposits  of 
the  Vienna  basin  (a  proof  that  the  trachytic  eruptions  of  this  country 
at  least  had  their  origin  in  the  beginning  of  the  Miocene  period). 
The  close  of  this  period  of  trachytic  eruptions  occurs  at  the  time  of 
the  deposition  of  the  Cerithium-beds. 

'<  The  work  accomplished  by  Hichthofen,  at  the  time  of  the  first 
general  outline  of  our  survey,  with  such  excellent  results,  relating  to 
the  discrimination  and  separation  of  the  different  branches  of  the 
trachyte  family,  which  in  great  part  differ  from  one  another  in  an- 
tiquity, has  IxMen  since  much  enlarged  and  completed,  especially 
by  Dr.  G.  Stache.  To  the  groups  of  the  Bhyolites,  first  proposed 
1^  Bichthofen,  including  the  true  trachytes  and  the  greenstone-tra- 
chytea,  Stache  has  added  a  further  series  in  the  older  quartzitic 
trachytes  or  *  Dadtes.' 

''  Very  interesting  results  have  been  obtained  by  Carl  von  Hauer 
and  other  chemists  through  their  valuable  analyses,  not  only  of  the 
rocks  in  general,  but  also  of  the  felspars  crystallized  out  in  them. 
The  analyses  show  that  in  the  Hungarian  and  Transylvanian  rocks 
of  the  trachyte  &mily,  in  what  relates  to  the  degree  of  acidification, 
all  the  members  of  the  series  hitherto  known,  from  the  most  basic  to 
the  most  acidic,  are  represented.  In  the  nature  of  their  felspars,  on 
the  other  hand,  these  rocks  differ  materially  from  the  rocks  of  all 
tnushytio  districts  that  have  hitherto  been  carefully  examined ;  they 
are  in  fiust  chiefly  basic  lime-soda-felspar,  wavering  between  La- 
bradorite  and  Oligoklase,  probably  corresponding  to  what  has  been 
ealled  by  Abich  an^  others  ''Andesine."  This  lime-soda-felspar  forms 
the  prineipal  ingredient  of  the  basic  Andesite  and  Greenstone  tra- 
diytos ;  in  the  more  acidic  Dacite,  Sanidine  appears  with  it ;  in  the 
stih  more  acidic  Bhyolite,  finally,  the  whole  of  the  felspar  appears  to 
consist  of  nothing  else  but  Sanidine. 

<«  And,  though  it  does  not  concern  the  area  of  our  Austrian  survey, 
I  would  here  also  idlade  to  the  analyses  (carried  on  in  our  laboratory) 
of  the  Tdleanic  rockB  brought  to  the  surface  by  the  latest  eruption 
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of  Santoiin.  It  results  that  this  eraptioD  brings  to  light  acidic  as 
well  as  basic  rocks — and,  indeed,  the  former  in  the  beginning,  and 
the  latter  during  the  later  stages  of  the  eruption. 

''  The  renowned  ore-bearing  localities  of  the  trachyte  masses  of 
Schemnitz  and  £j*emnitz  have  offered  us  likewise  the  oppoitunity 
for  comprehensive  study.  Whilst  Baron  von  Andrian  surveyed  the 
geological  phenomena  of  the  country  with  greater  exactness  than  had 
hitherto  bceh  the  case,  Bergrath  Lipoid  occupied  himself  with  the 
lodes  themselves  and  the  mining.  A  detailed  monograph,  printed 
in  the  third  number  of  our  Jahrbuch  for  1867,  gives,  along  with  a 
geographical  and  geological  review,  a  comprehensive  statement  of 
the  history  of  the  Schemnitz  mines,  and,  further,  a  complete  descrip- 
tion of  all  the  lodes;  which  appear  partly  in  Rhyolitc(at  Konigsberg), 
most  abundantly  in  Greenstone  trachyte  and  Dacite,  but  partly  also 
in  Syenite. 

**  But  beyond  those  districts  in  which  our  detail  surveys  wore  at 
work  I  have  manifold  labours  to  mention,  which  partly  refer  to 
those  portions  of  the  country  that  had  been  earlier  sur^'cyed,  and 
enlarge  our  knowledge  of  them,  and  partly  concern  sonic  distiicts 
that  had  not  yet  been  examined.  The  former  of  these  have  had  a 
ppocial  tendency  to  break  up  those  great  groups  of  sedimentary  rocks 
which  were  separately  laid  down  in  the  maps  of  our  survey,  and  to 
correlate  them  with  the  subdivisions  of  the  formatioos  determined 
outside  the  district  of  the  Alps  and  Carpathians.  In  fact  these  in- 
quiries have  given  proof  that,  at  least  in  many  cases,  a  parallel  of  this 
sort  may  be  carried  much  further  than  had  hitherto  generally  been 
believed. 

"  With  regard  to  the  Alp-country  I  may  here  refer  to  the  important 
obsen'ations  furnished  by  D.  Stur*  *  On  the  Occurrence  of  Silurian 
Fossils  at  the  Erzberg,  near  Eisenerz,  in  Styria,'  which  gives  not 
only  a  very  welcome  farther  proof  of  the  Silurian  age  of  the  Grey- 
wacko  zone  of  the  Northern  Alps,  but  also  allows  us  to  assume  the 
presence  of  several  successive  zones  in  this  formation, — 

**  Also  to  the  observations  of  Peters  and  Klav  '  On  the  Devonian 
Formation  of  the  neighbourhood  of  Gratz  'f,  from  which  it  appears 
that  in  all  probability  the  three  divisions  (the  Lower,  the  Middle, 
and  the  Upper  Devonian)  are  represented, — 

"  And  to  the  labours  of  Suess  and  Mojsisoyics  on  the  Trias,  Rhsetic, 
and  lias  formations  in  theSalzkammergut^,  which  attempt  a  highly 
detailed  arrangement  of  these  formations,  and,  as  an  example,  ^ow 
the  Lias  zone  of  the  Ammonites  jplanorbis  and  the  A,  ajupdatus,  &c., 
in  a  manner  completely  agreeing  with  occurrences  beyond  the  Alps. 
Some  of  these  views  are  oppos^  by  Mr.  D.  Stur§ ;  whilst,  on  the 
other  hand,  the  accepted  division  of  the  Bhffitic  beds  has  received 
satisfactory  confirmation  in  the  researches  carried  out  by  Dr.  Schlon- 
bach  in  the  neighbourhood  of  Kossen 
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"  Of  not  less  importauce  to  our  knowledge  of  the  Upper  Trias  beds 
of  the  Alps  is  the  work  of  Prof.  Suess  on  Baibl^  whidi  is  printed  in 
the  last  number  of  oar  Jahrbacb. 

"Allow  me  to  specify,  with  regard  to  the  Alpine  country,  the  geo- 
logical survey  map  of  the  Ihichy  of  Styria  by  Dionys  Stur,  which 
brings  into  play  not  less  than  seventy-seven  different  tints  and  in- 
dications for  the  distinction  of  separate  members  of  the  formation 
and  different  kinds  of  rock. 

**  For  another  highly  important  work  concerning  also  the  Alpine 
and  Carpathian  countries  we  have  to  thank  Mr.  D.  Stur, — '  Contri- 
butions to  our  knowledge  of  the  flora  of  the  freshwater  quartzites 
of  the  Congeria-  and  Cerithium-beds  in  the  Vienna  and  Hungarian 
basins'*,  in  which  the  flora  of  not  less  than  forty-nine  different 
localities,  with  233  species,  is  thoroughly  described,  and,  with  the 
help  of  these  remains,  the  geological  age  of  every  locality  is  esta- 
blished. It  is  especially  of  far-reaching  interest  that  a  series  of  these 
localities  fills  up  the  gap  which  exists  in  Switzerland  between  the 
Oeningen  formation  and  the  glacial  shaly  beds  of  Utznach  and 
Diimten. 

''And,  besides  the  flora,  wo  receive  also  important  contributions  to 
the  increase  of  our  knowledge  of  the  fauna  of  the  newer  Tertiary 
deposits.  The  recentiy  published  seventeenth  and  eighteenth  num- 
bers of  the  great  work  by  Dr.  M.  Homes,  published  by  the  Impe- 
rial Geological  Survey,  on  the  fossil  Mollusca  of  the  Tertiary  basin 
of  Vienna,  are  the  last  but  one  of  the  whole  work,  of  which  the  last 
will  follow  in  the  course  of  the  present  year.  On  the  other  hand, 
for  a  truly  splendid  collection  of  the  mammals  from  the  brown  coal 
of  Eibiswald  we  have  to  thank  Mr.  E.  MeUing.  On  this  collection 
Hr.  £.  Suess  has  given  a  preliminary  notice  f,  and  it  is  well  fitted 
to  enlarge  our  knowledge  of  the  higher  classes  of  animals. 

''  In  the  past  year  appeared  also  the  geological  map  of  Moravia  and 
8flesia,  the  work  of  Franz  Poetterle,  in  two  sheets,  printed  in  colours 
irith  forty -two  different  tints. 

"  Yet  one  further  discovery  I  must  report  in  the  Carpathian  country, 
made  by  Mr.  Fr.  Herbich, — the  beds  of  Bacsecs,  near  Cronstadt,  and 
at  Balan  on  the  eastern  frontier  of  Transylvania,  rich  in  splendidly 
preserved  fossils  belonging  to  various  stages  of  the  Jura  formation. 
On  those  Suess  and  1%  gave  a  Report;  and  it  results  that  in  them 
Bcreral  of  the  zones  of  the  western  countries  of  Europe  are  recog- 
nizable. 

^*  Of  great  scientific  as  well  as  economic  interest  are  the  accurate 
Bin  dies  whidi  Mr.  Poeepny  has  just  published  on  the  Salt-districts 
of  Transylvania  §.  This  work,  illustrated  by  numerous  sketches  and 
maps  and  sections,  will  receive  the  greater  recog^tion,  inasmuch  as 
mnoe  the  works  of  Fichtel  very  littie  has  been  made  known  on  this 
subject. 

«<  The  condosion  of  an  important  part  of  our  labours  will  finally  be 
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effected  by  a  general  map  of  the  Austrian  monarchy,  wbich  I  am 
preparing  from  our  Oovemmcnt  Geological  SurreyB.  It  will  be  in 
twelve  slieets,  of  which  one  (No.  5),  containing  the  western  Al[Hnc 
districts,  nppeared  loat  year,  whilst  a  second,  tho  caatem  Alpine 
country,  will  be  ready  to  send  ont  in  a  few  weeks. 

"  I  have  done  myself  the  pleasure  of  sending  to  yon,  and  also  to  tho 
Geological  Society,  copies  of  the  first  sheet." 

Otology  of  the  Wtslera  United  Slnlts. — For  many  years  past  we 
have  had  to  welcome,  from  time  to  time,  the  appearance  of  the 
offlctal  Burreya  and  Keports  which  have  been  executed  at  the  charge 
of  the  several  States  of  the  American  Union,  by  geologists  of  high 
reputation  and  untiring  persevemnce.  The  two  handsome  volumw 
recently  published  under  the  nuthority  of  the  legislature  of  Illinois 
present  us  with  the  results  of  the  labours,  commenced  early  in  ISaB, 
at  ilr.  A,  H.  Worthen  and  his  assistants.  Prof.  Whitney,  Prof.  Les- 
quereux,  and  Mr.  Henry  Engelraann,  in  the  examination  and  de- 
scription of  a  tract  378  mOes  long  by  210  at  its  extreme  width, 
included  within  the  limits  of  the  State  of  Illinois.  It  is  to  be  hoped 
that  a  third  volume,  the  materials  of  which  are  already  collected, 
will  ere  long  appear,  an  equally  good  specimen  of  psper  and  typo* 
graphy,  in  spite  of  a  certain  pnrty  opposition  which  has  delayed  tho 
publication  of  matter  perhaps  even  more  useful  to  residents  than  to 
tho  friends  of  science  at  a  distance.  We  had  in  some  meoanre  been 
prepared  by  the  earlier  surveys  of  other  of  the  Western  States  for 
the  comparatively  monotonous  and  uneventful  geological  structure  of 
those  extensive  truets  ;  hut  the  verj'  simplicity  of  tho  features  confers 
on  importance  of  n  social  kind  on  the  broad  prairies,  the  gently 
undulating  coal-field.  on<]  the  slightly  elevated  hills  of  the  lead- 
bearing  limestones,  all  now  being  rapidly  inundatnl  by  the  ad\-ancing 
tide  of  population. 

Tho  course  of  the  river-valleys  is  occupied  hy  beds  of  the  fine 
freshwoter  quaternary  deposit  which  the  American  geologists  hove 
agreed  to  term  l"es$,  measuring  from  20  to  60  feet  thick  in  the  river^ 
bunks  and  thinning  out  nj)  the  country,  and  testifying  to  the  former 
presence  of  a  chain  of  lakes.  Above  this  is  found,  through  a  larj^a 
lH>rtion  of  the  district,  a  detritus  formed  of  materials  many  of  which, 
as  fragments  of  tho  red  sandstone  and  native  copper  of  Lake  Supe- 
rior, have  evidently  been  swept  southwards  from  their  native  beds, 
whilst  the  underhing  limestones,  when  the  gravels  rest  immediately 
on  tho  rock,  offer  in  their  polished  and  grooved  surfaces  distinct 
evidence  of  long-continued  glacial  action,  A  singidar  exception  is 
the  slightly  elevated  plateau  of  some  fifty  miles  in  length,  trending 
cast  and  west,  on  the  south  side  of  the  Wisconsin  river,  where  a 
total  absence  of  the  foreign  drift,  so  abundant  elsewhere,  and  even 
on  the  higher  ground,  marks  the  productive  lead- bearing  r^on  which 
extends  from  this  Stale  into  Iowa  and  sontb-westem  Wisconsin. 

Tertiary  strata  of  but  small  importance  are  shown  to  exist  in  the 
Bontliem  part  of  the  State,  especially  iu  Pulaski  coun^,  whilst  the 
whole  of  the  Mesozoic  or  Secondary  formations  appear  to  be  absent, 
nntl  the  alleged  Permian  rocks,  containing  fossUs  very  similar  to 
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tho6c  which  had  been  called  lower  Permian  in  Kansas  by  Prof. 
Swallow,  are  considered  by  the  State  surveyors  to  be  a  series  of 
strata  in  no  way  separable  from  the  great  western  coal-fields. 

Much  uncertainty  has  prevailed  respecting  the  true  value  of  the 
ooal-measuresy  which  cover  more  than  two-thirds  of  the  surface  of 
the  entire  State ;  and  it  is  by  no  means  dispelled  by  the  information 
published  in  the  Beport ;  for  without  a  great  additional  number  of 
actual  trials,  it  is  impossible,  in  a  region  where  there  are  so  few 
accidents  of  stratification  to  bring  the  beds  to  the  surface,  to  predi- 
cate the  continuity  or  workable  character  of  the  seams.  Where 
fully  developed,  in  the  southern  part  of  the  State  and  even  as  far 
north  as  Fulton  and  Peoria  counties,  the  measures  contain,  it 
is  stated,  at  least  five  or  six  workable  beds  of  coal  having  an 
aggregate  thickness  of  nearly  twenty  feet.  Dr.  D.  D.  Owen  pub- 
lished a  section  for  Shawneetown,  numbering  twelve  seams,  with  a 
total  thickness  of  35  feet,  in  860  feet  of  strata,  included  between  the 
base  of  the  so-called  Anvil-rock  and  the  top  of  the  conglomerate 
or  Millstone-grit.  The  lower  seams,  however,  are  restricted  to  the 
southern  part  of  the  field,  the  upper  ones  only  extending  to  the 
northern  confines,  whence  it  would  appear  that  during  the  period  of 
the  deposition  of  the  coal  there  must  have  been  a  gradual  subsidence 
of  the  entire  surface  of  the  Illinois  coal-field. 

Prol  Worthen  ascribes  the  uneven  surface  upon  which  the 
coal-measures  have  been  deposited,  to  the  thinning  out  of  the  strata 
as  they  pass  northwards,  and  to  the  erosion  of  the  valleys  down  to 
the  subjacent  limestones, — those  appearances  of  irr^ularity  which 
have  been  exaggerated  and  explained,  by  Dr.  Stevens,  Dr.  Norwood, 
and  others,  as  a  division  or  breaking  up  into  small  coal-basins  by 
upheavals  and  dislocation. 

On  the  extreme  north-eastern  border  of  the  coal-field,  the  mea- 
nores  contain  but  a  single  bed  of  coal,  averaging  about  three  feet  in 
thickness,  but  of  unusual  importance  from  its  accessibility  at  modc- 
itte  depth  and  from  its  proximity  to  that  great  centre  of  activity, 
Qiicago.  An  interesting  feature  exhibited  by  the  sections  consists 
m  the  frequent  repetition  of  bands  of  calcareous  shale  or  of  limestone 
abounding  in  marine  fossils,  and  of  which  the  Director  states  that 
"  there  is  probably  not  one  of  our  principal  coal-seams  that  has  not, 
at  some  locality  in  the  State,  a  bed  of  calcareous  shale  or  a  limestone 
associated  with  it  containing  the  fossilixed  remains  of  marine  ani- 
mals." The  importance  of  these  facts  in  a  review  of  the  dynamics 
of  the  formation  of  the  Carboniferous  strata,  and  their  parallelism  to 
fliose  of  our  own  Scottish  fields,  needs  not  to  be  enlarged  upon. 

Below  the  coal-measures  there  occurs  a  series  of  '<  subcarbonife- 
roQs  "  limestones  divided  into  several  groups,  known  by  local  names, 
and  which,  whilst  they  have  an  aggr^ate  thickness  of  1500  feet  in 
the  sofuthem  portion  of  the  State,  thin  out  on  the  north  and  dis- 
^ipear  entirely  on  the  western  borders  of  the  coal-field.  At  the 
base  of  the  division  called  the  Burlington  limestone,  wdl  known  to 
palaKmtoIogiBtB  for  the  beauty  and  variety  of  the  Grinoidea  occurring 
at  its  northem  oatorop,  follows  a  series  of  beds,  chiefly  gritstones 
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and  shales,  called  by  the  surveyors  the  Eindorhook  group,  and  de- 
cidedly held  to  be  the  lowermost  division  of  the  subcarbonifcrous 
formation,  although  ascribed  by  Prof.  Hall  to  the  Devonian.  ITie 
occurrence  of  these  beds  as  the  commencement  of  the  Carboniferous 
system  gives  rise  to  a  theoretical  view  which,  although  indorsed  bj 
our  eminent  associate  Dr.  Dawson,  I  cannot  but  regard  as  over- 
strained if  it  be  applied  to  the  several  systems  of  strata  as  at  present 
classified.  **  We  have,"  says  Prof.  Worthen,  "  at  the  base  a  frag- 
mentary series  composed  of  sandstones  and  shales,  the  ddl^ris  of  pre- 
existing formations,  in  the  middle  calcareous  and  highly  fossiliferous 
beds,  representing  the  higher  divisions  of  the  subcarbonifcrous 
series,  and  ending  in  the  ascending  scale  with  another  fragmentary 
scries,  comprising  the  sandstones  and  shales  of  the  coal-measures.*' 
No  doubt,  however,  as  Dr.  Dawson  observes,  **  this  recurrence  of 
cycles  deserves  a  more  careful  study  as  a  means  of  settling  the 
sequence  of  oscillations  of  land  and  water  in  connexion  wi^  the 
succession  of  life." 

The  Devonian  strata  occur  in  three  divisions  of  very  moderate 
thickness,  but  arc  underlain  by  massive  limestones  of  the  Upper  and 
Lower  Silurian  epoch,  which  are  no  less  important  for  the  physical 
character  they  confer  on  the  northern  portion  of  the  8tate,  than  for 
the  astonishing  quantity  of  lead-ore  produced  from  them  within  a 
few  years.  Prof.  Whitney,  favourably  known  for  a  number  of  works 
on  analogous  subjects,  has  contributed  a  detailed  Report  on  these 
Silurian  limestones  and  their  contents,  which,  from  lus  former  ex- 
perience in  Iowa  and  Wisconsin,  he  was  specially  fitted  to  prepare. 
The  siliceous  sti*ata  which  form  the  base  of  the  system,  the  equiva- 
lents of  the  Potsdam  sandstone  of  New  York,  never  rise  to  the  sur- 
face in  niinois:  but  the  next  group  above,  the  lower  Magnccdan 
limestones,  on  the  level  of  the  *'  Calciferous  Sandstone  "  of  the  New- 
York  Report,  make  their  appearance  in  an  arch  or  undulation  of  the 
strata  at  La  Salle.  Over  these  follows  a  series,  for  about  150  feet 
in  thickness,  of  alternating  calcareous  and  siliceous  bands,  and  then 
the  important  aggregate  of  beds  called  the  Galena  limestone,  250  to 
275  feet  thick,  mostly  a  tj'pical  dolomite,  yellowish  grey  in  colour, 
and  weathering  in  fantastic  forms,  which  confer  a  picturesque  charm 
on  the  narrow  valley  opening  to  the  Mississippi.  Its  fossils,  which 
are  abundant,  place  it,  togetlier  with  the  relatively  thin  underlying 
bed  termed  the  '*  blue  limestone,"  on  a  parallel  with  the  Trenton 
group  as  described  by  Prof.  James  Hall. 

A  band  consisting  chiefly  of  shales,  the  *'  Cincinnati  group,"  of  no 
great  thickness,  separates  the  "  Galena  "  from  the  "  Niagara  "  lime- 
stone— ogain  a  powerful  mass  of  dolomite,  very  similar  in  its  litho- 
logical  character  to  the  galcna-sone,  but  so  different  in  fossil  con- 
tents as  to  have  been  termed,  even  before  the  advent  of  the  Survey, 
the  "  Coralline  and  Pentamerus  beds.''  Singularly  destitute  of  any 
trace  of  the  mineral  treasures  which  are  scattered  so  lavishly  in  the 
lower  dolomite,  this  thick  bank  of  rock  plays  otherwise  a  very  pro- 
minent part  in  the  physical  geography  of  a  laige  portion  of  the 
Western  United  States,  forming  ihe  higfieBi  points  in  IllinoiB  and 
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then  stretching  away  into  Minnesota  and  the  inuncnse  expanse  of 
the  far  North-west. 

Although  the  first  settlers  took  up  their  abode  in  this  remote  region 
as  early  as  1821,  the  mineral  treasures  cropping  up  to  the  surface 
of  the  ground  began  to  be  worked  only  in  1S27,  when  the  name 
Galena  (from  the  well-known  ore  of  lead)  was  given  to  the  town, 
which  soon  became  the  emporium  of  the  lead-trade  of  the  Upper 
Mississippi.  By  the  years  1840  to  1845  it  had  increased  so  largely, 
representing  at  the  maximum  a  production  of  about  25,000  tons  a 
year,  as  to  exercise  a  powerfid  influence  on  the  metal-markets  of  the 
world.  The  dcseription  of  the  localities  now  laid  before  us  offers 
some  explanation  of  the  rapid  exhaustion  of  deposits  which  used  in 
\ague  language  to  be  termed  mountains  of  lead. 

The  veins  or  '*  crevices,"  as  they  are  termed,  thus  confined  to  the 
Galena  limestone  are  found  in  great  numbers,  but  never  continuous 
for  more  than  a  few  hundred  feet  in  length,  scattered  in  patches 
over  a  wide  extent  of  territory,  the  productive  ones  ranging  in  an 
east  and  west  direction,  and  others  of  less  value,  but  sometimes  ore- 
bearing,  crossing  that  direction  nearly  at  right-angles.  Their  appear- 
ance in  fact  induces  Prof.  Whitney  to  infer,  with  much  probability, 
that  the  origin  is  due  to  the  same  causes  that  have  produced  <<  joints  " 
in  almost  '*  every  variety  of  rock  occurring  in  large  homogeneous 
masses,  and  especially  where  a  decided  crystalline  structure  exists 
in  them."  But  the  workings  are  rarely  more  than  80  or  100  feet 
deep  (in  one  or  two  instances,  near  Dubuc^ue,  nearly  180  feet),  and 
it  seems  that  no  trace  of  tho  metallic  contents  can  bo  found  below 
the  beds  of  the  "  Blue  limestone,"  nor  upwards  in  the  "  Niagara  sys- 
tem.** It  is  argued  hence,  with  some  boldness,  that,  the  metal  lead 
having  been  held  in  solution  in  the  oceanic  waters  from  which  the 
rocks  of  the  north-west  were  thrown  down,  the  metalliferous  combi- 
nations were  decomposed  by  tho  organic  matter  of  these  limestone- 
beds,  among  which  the  ores  are  now  found  to  occur ;  and  thus  it 
would  seem  to  be  inferred  that  the  "  crevices  "  were  formed,  and 
were  partly  filled  with  the  galena  and  its  accompaniments  of  zinc- 
blende,  and  fluor-spar,  before  the  formation  was  covered  up  by  the 
deposition  of  the  shales  of  the  Niagara  group.  In  curious  juxta- 
position with  the  metallic  minerals  which  have  contributed  so  much 
to  the  peopling  and  investigation  of  the  country,  are  found  bones  and 
teeth  of  both  extinct  and  living  species  of  land  animals,  confusedly 
mingled  in  the  vein-fissures  down  to  depths  of  50  or  60  feet.  The 
most  abundant  are  remains  of  Mastodon,  which,  from  the  quantities 
found  in  different  veins  extending  through  the  whole  district,  seem 
to  show  that  the  species  must  have  flourished  in  vast  numbers  and 
through  a  long  penod  of  time.  In  one  crevice,  near  Dubuque,  Prof. 
Whitney  obtained,  with  bones  and  teeth  of  the  Megalon3rx,  teeth  of 
a  Peecary,  pronounced  by  Wyman  to  be  those  of  a  species  now  living. 
These  caiions  facts  remind  us  of  the  remarkable  discovery  made  by 
Mr.  Moore,  of  liaasio  and  Oolitic  fossils  in  the  lead-bearing  veins  of  the 
Moantain-limestone  of  the  Mendip  hills,  with  the  difforenoe  that  in 
the  latter  case  there  is  no  doubt  that  the  r^on  of  the  fissures  was 
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long  depressed  under  the  sea,  whilst  the  ancient  limestones  of  Illinois 
bear  no  evidence  of  any  sui)erior  deposit  ha\ing  coTorcd  them,  and 
exhibit  only  the  results  of  long-continued  atmospheric  action.  The 
authors  of  the  Eeport,  indeed,  hold  that  this  port  of  the  country  has  not 
been  imder  water  since  the  deposition  of  the  Upper  Silurian  rocks. 

Numerous  details  of  great  value  for  the  comprehension  of  local 
conditions  are  given  in  the  special  Keports  on  particular  Counties 
prepared  by  different  members  of  the  Survey;  and  an  interesting 
discourse  on  the  origin  of  the  Prairies,  by  Prof.  Leo  Lesquereux, 
states  the  opinions  of  other  authors  on  the  subject,  and  gives  his  own 
view  of  their  formation  by  changes  in  the  direction  of  the  drainage 
of  the  country,  as  illustrated  especially  by  the  now  advancing  trans- 
formation of  the  Bay  of  Sandusky. 

The  second  volume  is  occupied  by  a  series  of  Reports  on  the 
Pala)ontology  of  the  district,  in  which  Prof.  Worthcn  has  been  aided 
by  Messrs.  Newberr}'  and  Meek  for  the  Vertebrates  and  Inverte- 
brates respectively,  whilst  a  now  Batrachian  from  the  Coal-measures 
is  described  by  Prof.  Cope,  and  a  number  of  new  Polyzoa  by  Dr. 
Prout.  The  fossil  plants  are  figured  and  described  by  Prof.  Lcsque- 
reux,  and  the  numerous  plates  do  great  credit  to  the  work  of  the 
Western  Engraving  Company  of  Chicago. 

Before  proceeding  to  notice  new  works  in  special  walks  of  our 
science,  I  must  in  a  few  words  advert  to  two  books  of  a  more  general 
and  wide  scope,  in  which  we  may  feel  almost  a  personal  interest. 

It  is  a  great  satisfaction  to  one  like  myself,  brought  up  from  boy- 
hood to  appreciate  the  imwearied  exertion  and  the  logical  reasoning 
which  have  rendered  famous  the  name  of  Lyell,  to  be  able  to  an- 
nounce the  completion  of  the  tenth  edition  of  the  '  Principles  of 
Geology.'  The  first  volume  appeared  last  year ;  and  so  much  has 
it  been  enriched  by  matter  gathered  together  during  the  past  thirteen 
years,  that  all  those  students  of  nature  who  have  enjoyed  the  multi- 
farious additions  to  the  earlier  portion  of  Sir  Charles's  treatise,  will 
be  impatient  to  see  the  second  volume,  which  is  not  yet  issued  bj 
the  publisher*. 

In  the  same  year  has  been  issued  the  new  edition  of '  Silnria,'  on 
which  we  may  congratulate  our  veteran  leader  Sir  Eoderick  Murchi- 
son,  not  only  that  his  domain  appears  to  be  constantly  extending 
into  new  regions,  but  that  the  book  itself  has  been  amplified  and 
revised  with  an  amount  of  labour  testifying  to  his  unimpa&ed  mental 
and  bodily  vigour.  All  geologists  will  be  aware  that  considerable 
changes  have  been  needed  within  the  last  half  a  dozen  years  in  con- 
sequence of  the  discoveries  of  Sir  W.  Logan  in  Canada,  of  the  works 
of  Barrande  in  Bohemia,  Harkness  in  Cumberland  and  Westmore- 
land, of  the  determination  of  the  New-Red-Sandstone  reptiles  by 
Huxley,  and,  last  though  not  least  in  the  estimation  of  tiie  outer 
world,  by  reason  of  the  facts  promulgated  oonoeming  gold,  which 
have  led  to  the  modification  of  views  put  forth  in  the  older  editions. 
And  still,  OS  before,  all  who  are  desirous  of  examining  our  own  more 

'  *[The  aeoond  volume  has  been  published  rinoe  the  reading  of  thia  Addren.^ 
Edit.] 
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ancient  districts,  or  of  investigating  analogous  fonnations  in  foreign 
lands,  will  turn  to  *  Silnria '  as  a  friend  and  guide. 

Physical  Structure  of  Palestine. — ^An  idea  has  obtained  footing, 
even  in  weU-in  formed  circles,  that  the  geological  structure  of  the 
Holy  Land  is  almost  entirely  unknown ;  and  our  presumed  ignorance 
has  been  died  as  one  of  the  special  reasons  for  promoting  the  pro- 
posed exploration  of  Palestine.  The  partial  knowledge  which  we 
possess  may,  it  is  true,  stimulate  a  desire  for  more  ;  and  the  numerous 
subjects  of  interest  which  exist  in  those  r^ons  demand  a  more 
thorough  attention  than  has  yet  been  accorded  to  them;  but  we 
must  not  forget  the  important  contributions,  some  of  them  a  quarter 
of  a  century  old,  of  Dubois  de  Montpereux,  of  Eussegger,  Anderson, 
Lartet,  and  others,  to  which  has  recently  been  added  an  unpretend- 
ing but  very  readable  volume  by  Prof.  Oscar  Eraas,  of  Stuttgart  *. 
Uappily  breaking  away  from  the  fetters  imposed  by  the  halting  frag- 
mentary entries  of  a  journal,  the  author  starts  from  the  crystalline 
nucleus  of  the  Sinai  peninsula,  and  describes  with  the  fervour  of  a 
northern,  to  whom  such  sights  are  new,  the  naked  charms  of  its  bright 
minerals  and  particoloured  rocks,  free  from  the  encumbrance  of  soil 
and  of  vegetation.  The  home  of  the  turquoise,  worked  for  some  years 
past  by  Major  Macdonald,  he  describes  as  being  in  the  cracks  of  the 
porphyries  of  the  Megarah  valley,  whore  that  valued  gem  is  associ- 
ated with  oxides  of  iron,  especially  of  those  kinds  termed  bean  ore 
and  pisolitic  ore,  and  would  appear  to  have  been  deposited  by  the 
some  agencies.  In  the  same  (i.  e,  the  northern)  district  of  the  Scr- 
bal,  as  well  as  in  the  central  group  of  the  Hebran  and  el  Schech, 
the  peculiar  weathering  of  the  granite  is  very  observable,  not  only 
as  producing  the  most  strange  and  fantastic  forms,  but  as  appearing 
to  proceed  from  the  centre  of  the  blocks  towards  the  circumference, 
and  thus  giving  rise  to  rounded  hollows  which,  somewhat  enlarged 
and  modified  by  art,  have  served  as  the  abodes  of  troglodyte  hermits 
in  the  early  ages  of  Christianity.  As  the  traveller  passes  over  the 
totally  arid  surfaces  of  granite,  syenite,  and  porphyry,  if  there  be 
seen,  in  valley  or  on  mountain-side,  the  bright  green  of  an  oasis,  or 
if  water  makes  itself  visible  rising  from  the  rocky  fissures,  it  is  almost 
invariably  where  a  portion  of  gneiss  or  mica-schist  will  be  found  in 
close  proximity,  and  where  it  has  forced  the  liquid  to  the  surface, 
doubtless,  by  its  foliated  structure  and  greater  freedom  from  vertical 
planes  of  division. 

The  mingled  syenites,  granites,  and  porphyries  of  Sinai  form  a 
striking  feature  of  the  geological  map  published  many  years  ago  by 
Bussegger ;  but  although  these,  with  various  other  igneous  rocks,  are 
shown  to  correspond  with  large  masses  of  the  same  order  in  the 
African  deserts  bordering  the  Gulf  of  Suez,  and  again  with  a  number 
of  smaller  protrusions  in  a  line  running  northward  towards  the  Dead 
Sea,  there  is  a  great  lack  of  further  definite  information.  Dr.  Fraas 
gives  a  picture  of  the  frequency  with  which  greenstone  dykes  cut 
throng   the  granite:   on  making  the    ascent  of  the  Serb&l,  he 

*  Atts  dem  Orimt  Geologisohe  Beobachtungen  am  Nil,  auf  der  Binai'Halb- 
inael  imd  in  Syrien,  von  Br.  Oscar  Fraas.    Stuttgart,  1867. 
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found  his  party  mounted  at  length  on  one  among  forty-seven  sharp 
peaks,  within  a  space  of  perhaps  a  thousand  metres,  and  ohsenred 
that  each  peak  was  formed  by  a  dyke  of  diorite  which,  with  its  tough 
mati^rial  and  angular  structure,  had  resisted  the  action  of  the  weather 
in  a  far  higher  degree  than  the  granite.  In  the  group  of  Mount 
Horeb  (Jebel  el  Tur)  and  its  central  pillar  (Jebel  Musa)  the  same 
varieties  of  crystalline  rock  occur,  but  on  a  larger  scale,  the  apha- 
nitic  greenstones  being  no  longer  in  dykes  of  a  few  feet  in  width, 
but  in  vast  masses ;  and  a  different  and  more  majestic  character  is 
thus  imparted  to  the  mountain,  which  induces  Dr.  Fraas,  although 
leaning  to  the  opinion  of  Lepsius  that  the  Serb&l  is  probably  the  tnic 
historical  Sinai,  to  acknowledge  the  force  of  the  claim  urged  by  the 
Greek  monks  for  the  superior  sanctity  of  the  Mountain  of  Moses. 

The  mounds  of  fragmentar}'  matter,  40  or  50  feet  high,  which 
sometimes  bar  up  transversely,  and  in  other  cases  are  heaped  along 
the  sides  of  the  valleys,  have  been  commented  upon  by  former  visitors; 
but  we  now  have  them,  for  the  first  time,  I  believe,  confidently  re- 
ferred to  the  action  of  glaciers.  The  materials  of  the  detritus  in  the 
Wadi  HebrAn,  and  in  the  valley  of  Feiran,  blocks  and  stones  of  all 
sizes,  from  1000  cubic  yards  to  mere  sand  and  gravel,  tumultuously 
tumbled  together,  are  pointed  to  as  being  aggregated  in  such  a  manner 
as  no  other  imaginable  agency  could  aggregate  them ;  and  the  walls  of 
rubbish,  through  ^vhich  the  modern  winter-streams  have  cut  narrow 
channels,  are  piled  across  the  principal  or  the  secondary  valleys  pre- 
cisely in  the  manner  of  terminal  and  lateral  moraines.  Not  that  the 
Stuttgart  professor  deems  it  needful  to  refer  these  phenomena  to  the 
Glacial  period  of  Europe  ;  he  sees  in  the  southern  part  of  the  penin- 
sula no  trace  of  Tertiary  or  Secondarj'  deposits,  and  thence  assumes 
that  Sinai  has  been  dry  land  from  the  earliest  periods,  and  that 
<*  these  glaciers  may  as  well  date  from  the  Silurian  period  as  from 
that  of  the  Jura,  or  from  the  Tertiary." 

Another  suggestion  of  startling  novelty  is  that  put  forward  in  ex- 
planation of  the  peculiar  form  of  the  wadis.  These  arid  and  rock- 
bound  valleys,  partially  occupied  by  a  rush  of  water  after  the  wintry 
rains,  present  on  the  west  a  narrow  entrance  which  the  traveller 
coming  from  £g}7)t,  until  he  actually  enters  them,  makes  out  with 
difficulty,  from  the  lofty  clifis  through  which  they  are  ox>ened. 

Further  and  further  in,  as  you  advance  towards  the  nucleus  of 
the  higher  mountains,  the  wadi  opens  out  wider  and  wider, 
without  any  such  change  being  noticeable  in  the  rock  as  might 
have  led  to  its  easier  disintegration ;  and  at  length,  at  its  head,  it 
becomes  a  broad  flat  valley,  in  which  you  can  with  difficulty  mark 
the  exact  line  whence  the  waters  would  flow  in  an  opposite  direc- 
tion, but  where  it  is  to  be  observed  that,  instead  of  contracting 
again  as  on  the  west,  it  opens  out  to  a  still  broader  wadi,  debouch- 
ing at  length  from  the  high  ground.  These  features  would  be  ex- 
pledned,  our  author  believes,  on  the  supposition  that  the  levels  of 
the  coontty  have  been  greatly  changed  in  comparatively  recent 
times,  and  that,  before  the  opening  of  the  Bod  Sea,  the  Sinaitic 
groap  and  the  old  Mons  porphifritea  of  Egypt  were  so  connected  that 
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the  water  flowing  from  the  latter  would  take  its  way  across  the 
area  of  the  present  Gulf  of  Suez,  then  through  the  narrow  defiles  at 
the  commencement  of  the  Wadi  Feiran,  Hebran,  and  others,  and  so 
avray  to  the  north  and  east,  eroding  the  valleys  into  the  forms 
whidi  thej  now  present. 

The  vast  development  of  limestones  which  lends  a  special  character 
to  a  great  portion  of  Palestine  has  been  generally  ascribed,  by  earlier 
geologists,  to  the  presence  of  a  great  series  of  strata  of  the  Jurassic 
or  Oolitic  period,  capped  here  aud  there  by  beds  of  white  chalk ;  and 
Russ^ger  and  the  United  States  explorers  have  expressed  themselves 
very  decidedly  in  favour  of  this  view.     But  the  proofs  brought  for- 
ward have  always  been  of  the  weakest.     Those  rugged  steps  of  bare 
stone,  np  and  down  which  wind  the  tracks  serving  in  Judaea  for 
roads,  are  bold  outcrops  of  successive  beds  of  limestone,  often  hard 
and  dense,  and  even  marbly  in  character ;  but  in  the  examination  of 
the  rocks  between  Jaffa  and  Jerusalem  the  few  fossils  fouud,  through 
a  series  of  beds  making  up  1600  feet  in  thickness,  all  belonged  to 
the  zone  of  Ammonites  Mhotomagensis*,     The  band  of  easily  worked 
stone  (the  meltJceh  of  the  Arabs),  which,  with  its  caves  aud  sepul- 
chres, and  its  quarries  worked  far  under  the  city,  forms  one  of  the 
most  interesting  features  about  Jerusalem,  contains  not  a  single 
Jurassic  fossil,  but  consists,  in  great  part,  of  remains  of  Hippuritts 
SyrincuSy  Conr.    Itself  about  30  feet  thick,  it  is,  at  30  feet  interval, 
overlain  by  another  very  regular  bank  of  a  harder  stone  (the  missih  of 
the  Arabs),  from  which  the  enormous  blocks  still  seen  in  an  angle  of  the 
city  wall  were  taken,  and  containing  numerous  fossils,  especially  Neri- 
necB,  with  Hippurites,  and  a  Radiolite,  probably  It,  Mortoni.     Fur- 
ther than  this,  in  the  hard  missUi  marble  were  found,  to  the  author's 
great  surprise,  numerous  examples  of  a  Nummulite,  on  seeing  which 
he  naturally  thought  at  first  of  Cyclostega  or  Cycloliiui,  but  about 
which  he  felt  confident  on  closer  examination  of  its  spiral  convolu- 
tions,  and  now  describes  at  some  length  under  the  name  of  Nummu- 
Uies  eretacea.     The  statement  would  be  unsatisfactory  but  for  the 
circumstance  that  the  explorer  took  the  specimens  himself  from  the 
rock  in  the  Wadi  Jos,  where  he  saw  overlying  it  other  beds  contain- 
ing Hippurites  and  Ammonites ;  and  hence  he  is  satisfied  that  one 
species  at  least  of  Nummulite  lived  in  the  Cretaceous  seas.     The 
higher  strata  in  the  neighbourhood  of  Jerusalem  are  the  soft  chalky 
limestone  seen  on  the  Moimt  of  Olives,  and  corresponding  with  the 
Greensandy  containing  Ammonites  of  the  species  A.  varians,  Man^ 
teUi,  ftc     The  presence  of  loose  flints  enclosing  Nummtdites  vario^ 
laria.  Sow.,  tells  of  the  removal  by  denudation  of  upper  beds  which 
are  seen  farther  east,  where  the  flmts  form  regular  bands  in  a  light- 
odonred  chalk,  and  where,  as  M.  Louis  Lartet  has  pointed  outt,  the 
vspper  chalk  beds  pass  insensibly  into  the  Tertiary,  the  stratification 
and  lithological  character  remaining  identical,  whilst  Dr.  Fraas 
holds  that  the  fosaihi  in  the  upper  part  of  the  section  imply  a  transi- 

*  n)r.  Dmioan  daloniimed  the  Kiddle  Cretaoeous  age  of  the  rodka  of  Binai 
in  im.    See  Qaflri.  Jonm.  Geol.  See.  vol  xxiii.  p.  38.— Edit.] 
t  BaJD.  da  k  8oe.  CMoL  de  France,  torn.  xxii.  1865. 
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tion  between  the  Cretdoe'-is  ariii  the  Eocene  strata,  the  Nanunalitc 
represcntin:?  the  "Mor  Trrrriary.  m'i  fjhgtrea  t^siadaris  as  certainly 
bel'jnjrin?  ^j  the  chilk.  X-:-:  even  in  the  deep  and  rugged  defile  of  the 
Ce«ir«jn  ire  *trj.:a  of  ar.y  >Iivr  tV-rsiirion  laid  bare  :  the  rock-hewn 
cell*  ar.'i  cLani'-rrs  -i-f  :!::-  momi^rery  of  Manaba  are  hollowed  out 
of  th-?  same  k-i:  H:p^.irl:o-li2ie>u;'ne  whirh  has  sorveti  for  the  cata- 
combs a:  J» rj.5 ilt-rz. :  iiL.i  i:  is  onlv  s^.^me  miles  further  towards  the 
evs:  thA?.  where  the  vjJIev  c-ejin*  to  open  out,  grej  sandy  marls, 
altematiaj  wi:h  blick  biiuminoiis  limestones  containing  namerons 
Baculitos,  repre^nt  the  niii-ile  ••  a:ret^ns;in-i"  of  Western  Europe. 
As  for  the  zrtat  chisni  of  the  Dead  Sea  and  the  lower  valley  of  the 
Jord.in,  not  only  d«>es  the  Litest  ge^ilogieal  visitor  record  the  entire 
absence  of  any  pr*>iucts  thit  can  be  ascribed  to  volcanic  action,  but 
he  avers  his  convicti'jn  that  it  is  simply  the  result  of  erosion  out  of 
a  range  of  strita  of  alm-wt  perfect  horizontality.  The  period  of  the 
opening  out  of  this  huge  depression  is  put  back  beyond  the  Tertiary, 
because  no  dep«>sirs  of  that  time  are  met  with  between  the  Lebanon 
and  EgyX't.  and  it  w<3uld  seem  thnt  Palestine  had  never  been  sunk 
beneath  the  soa  since  the  end  of  the  Cretaceous  epoch. 

That  the  Dead  S«^a  for  a  long  time  occupied  a  level  of  more  than 
3iM)  feet  higher  than  at  present,  and  that  its  waters  must  thus  have 
extended  far  up  towards  the  bke  of  Tiberias,  is  evident  finom  several 
circumstances :  but  even  the  days  of  that  higher  water-level  must 
have  been  very  long  ag».  and  it  is  quite  out  of  the  question  to 
admit  that  any  great  feature  of  the  phenomena,  such  as  the  rend- 
ing of  the  valley,  or  the  change  of  the  character  of  the  water,  could 
have  been  eift^ted  by  volcanic  agency  within  the  historical  period. 

The  we;irisome  monotonv  of  the  evenly-bedded  Cretaceous  strata 
of  Judaea  extends  into  Samaria  and  Galilee  :  but  the  interruption  of 
the  plain  of  Jezreel  brings  at  last  a  refreshing  change,  where  the 
richer  rod  soil,  and  the  loose  masses  of  black  stone  cropping  to  the 
surface,  tell,  even  at  a  distance,  of  the  vast  basaltic  flows  which 
seem  to  start  from  the  lesser  Hermon,  to  occupy  broad  tracts  of  the 
country  up  to  Tiberias,  and  then,  beyond  the  lake,  to  stretch  &r 
away  into  the  distant  Hauran. 

In  most  of  his  main  views  of  the  stratigniphical  stmcture  of 
Palestine,  Dr.  Fraas  agrees  with  M.  Louis  Lurtet,  who  had  already, 
in  ld()5,  exposed  the  absence  of  proof  for  the  existence  of  xocks 
older  than  the  Cretaceous  period* ;  but  this  prominng  yoimg  geo- 
logist had  the  advantage  of  penetrating,  with  Hie  Duo  de  Laynes, 
the  hill-country  of  the  eastern  side  of  the  Dead  Sea,  and  thus  ma- 
king the  first  geological  obeervatioiis  on  a  tract  which  tiie  peculiar 
habits  of  the  Semitic  race  render  it  so  difficult  to  tmyerae.  Urns 
he  was  eiuibled,  at  the  base  of  the  Arabian  chain,  in  a  norfh  and 
south  direction,  from  the  middle  of  the  Jordan  valley  down  to  Monnt 
Hor,  to  find  outcrops  of  a  ferruginous  sandstone  whidi  he  conadfln 
to  be  the  lowest  bed  visible  in  the  whole  ooontiy,  stiU  Crataoeoiu, 
and  probably  tho  same  which,  in  the  north,  has  yidded  the  ligidtes 
of  Lebanon,  and  on  the  south  is  so  noticeable  in  the  daik-zedxo^  of 

*  BulL  de  U  See.  QiaL  de  Fnmoo,  1866. 
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Petra  and  the  almost  equally  celebrated  sandstones  of  Nubia. 
In  the  two  latter  regions  they  are  associated  with  conglome- 
rates ;  but,  whilst  the  relative  antiquity  of  the  whole  of  this  thick 
scries  bears  importantly  on  many  of  the  most  interesting  questions 
respecting  the  conformation  of  this  comer  of  Asia  and  the  neighbour- 
ing port  of  Africa,  the  almost  total  absence  of  fossils  has  hitherto  left 
their  identification  very  uncertain.  By  a  singular  chance,  I  am 
enabled  apparently  to  verify  the  statement  of  M.  Lartot,  that  these 
beds  belong  to  the  Cretaceous  period.  Some  few  months  ago,  our 
late  associate  Mr.  Majendie  brought  me  a  dark  siliceous  pebble,  which, 
on  being  broken,  exhibited  a  beautifully  sharp  example  of  the  charac- 
teristic Lower  Cretaceous  shell  Pecten  qmiupiecostatus.  The  speci- 
men was  from  an  old  collection,  and  appears  to  have  been  grouped 
with  the  well-known  siliceous  pebbles  which  are  picked  up  in  num- 
bers in  the  deserts  about  Syene,  where  the  Nubian  conglomerates 
either  crop  out  or  have  been  denuded  off ;  and  Mr.  Ethcridge  in- 
forms me  that  he  has  never  known  the  fossil  to  occur  in  the  upper 
or  flinty  beds  of  the  chalk. 

One  of  the  most  curious  problems  in  physical  geography  to  be 
solved  by  geological  inquiry  is  the  true  nature  of  that  long  meridi- 
onal line  of  valley  and,  in  part,  of  deep  depression  which  extends 
from  Akabah,  on  liie  south,  through  the  Dead  Sea,  the  valley  of  the 
Jordan,  the  lake  of  Tiberias,  and  the  base  of  the  Lebanon,  and 
which,  if  prolonged  (as  appears  to  be  consistent  with  facts)  through 
the  ridi  plain  of  the  Bekaa,  and  by  the  course  of  the  Upper  Orontes, 
to  the  lake  of  Antioch,  occupies  some  500  miles  in  length.  The 
obaervations  of  late  years  have  proved  what  was  little  expected  by 
the  travellers  of  the  earlier  part  of  the  present  century — that  the 
level  of  the  Dead  Sea  is  no  less  than  1292  feet*  below  the  level  of 
the  Mediterranean ;  and  most  of  the  hypotheses  which  have  for- 
meiiy  been  suggested  to  account  for  the  formation  of  this  remark- 
able valley  most  be  rejected  or  modified  in  consequence  of  the 
meaaorements  of  the  levels,  which  have  now  been  made  with 
nndoabted  exactness.  When  first  the  existence  of  the  line  of  val- 
leys (the  Arabah)  extending  from  the  southern  end  of  the  Dead  Sea 
to  the  Red  Sea  at  Akabah,  was  made  known  by  Burckhardt,  it  was 
natural  to  found  upon  it  a  theory  that  the  river  Jordan  had  once 
flowed  through  the  whole  line  of  valley  to  an  embouchure  at  the 
Bed  Sea ;  and  the  comparatively  low  watershed  which,  south  of 
Ain  Ghnnindel,  divides  the  run  of  waters  flowing  to  Akabah  from 
that  which  takes  its  course  to  the  Dead  Sea  was  attributed  to  a 
sli^t  sabtequent  change  of  the  levels  over  a  limited  tract.  But  the 
subsequent  discovery  ^  the  enormous  depression  of  the  lake  and 

*  The  auEer  obtenratioiii  of  De  Bertou,  BuBsegger,  and  von  Wildenbnich 
irara  wXi  oonridsrahly  in  exoett,  giving  a  mean  of  1416*7  feet  Capt.  Symonds 
ndoeed  it  to  1ZVM ieet  below tiie  sea;  and  the leporfc of  Sir  Menry  James 
anade  it  1202  Iset  on  the  12th  March,  1865.  This  latter  reeult,  obtained  by  the 
party  imder  Gbntain  Wilson,  is  ftoted  to  be  k>wer  by  2i  feet  than  tiie  ooca- 
nooal  lBf«l  of  the  water,  and  6  feet  hisher  than  it  sometimes  itanda  in  the 
earfv  smanMr  s  and  it  ooinoidee  marreUously  with  the  level  given  by  lieat 
Tignce  of  the  IVcndi  nafy,  vis.  892  met.  or  1286  feet. 
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Jordan  valley  (tho  Ghor,  as  it  is  called  by  the  Arabs)  led  to  the  sup- 
position that  the  salt  luke  hod  once,  as  a  long  inlet,  been  in  com- 
munication by  the  Arabah  with  the  Bed  Sea.  Against  this  latter 
hypothesis  it  was  at  once  object<id  that  no  shells  or  marine  deposits 
of  any  kind  have  ever  been  found  along  the  line  of  the  supposed 
inlet ;  and  latterly  the  barometrical  measurements  of  various  tra- 
vellers have  shown  that  the  elevation  of  the  central  part  of  the 
Arabah  is  so  considerable  as  entirely  to  set  aside  such  a  proposition, 
without  the  assumption  of  great  subsequent  disturbances  of  level. 
The  latest  observations,  those  of  M.  Vignes,  give  the  altitude  of  this 
watershed  as  being  no  less  than  787  feet  above  the  sea. 

One  of  the  most  modern  travellers  of  scientific  experience,  Dr.  J.  R. 
Both,  whose  numerous  barometrical  observations  were  calculated  by 
friends  in  Germany  after  his  untimely  death  from  illness  in  the 
Antilcbanon,  has  given  a  scries  of  levels  taken  along  the  Arabah, 
which  also  it  is  difficult  to  reconcile  with  the  older  theories.  Thus 
the  height  assigned  by  him  to  the  main  valley,  where  he  entered  it 
from  the  southern  pass  which  leads  into  the  Wadi  Musa,  is  given 
at  040  feet,  and  at  two  hours'  journey  further  south  570  feet, 
above  the  sea*. 

Yet  the  same  author,  writing  in  March  1858,  inclines  to  the 
older  hypotheses,  guided,  as  it  would  appear,  more  by  an  adherence 
to  ancient  traditions  and  by  general  appearances  than  by  sound 
geological  observation.  He  believes  that,  without  doubt,  tho  Ara- 
bah is  the  ancient  bed  of  the  Jordan  f,  that  the  great  lake  Asphal- 
tites  and  the  whole  valley  up  to  the  sea  of  Tiberias  were  formed  by 
the  crowning  in  of  gigantic  hollows  produced  by  the  dissolution  of 
beds  of  salt,  and  that  the  quasi  volcanic  phenomena  to  which  old 
tradition  assigned  the  destruction  of  the  cities  of  the  plain  were  caused 
by  the  combustion  of  strata  of  bituminous  slate.  Dr.  lloth,  however, 
was  not  aware  of  the  obstacles  which  would  be  op])osed  to  this  view 
by  his  own  measurement;  for  he  seems  to  regard  the  highest  iwint  of 
the  Arabah  as  being  but  a  seven  hours*'camers  journey  from  the  nor- 
thern end  of  the  Gulf  of  Arabah,  at  a  salt  marsh  called  Godiiin,  which 
he  estimates  at  less  than  200  feet  (whilst  the  calculated  results  make 
it  but  106  feet)  above  the  sea.  His  own  levels,  however,  between  this 
and  A  in  Ghurundel,  with  those  of  other  observers,  seem  to  establish 
the  fact  that  the  water-shed  is  higher  by  hundreds  of  feet. 

The  only  resource,  therefore,  of  those  who  hold  to  either  of  the 
above  propositions  was  to  suppose  that  the  higher  portion  of  the 
Arabah  had  been  raised  by  an  elevation  connected  with  the  protru- 
sion of  certain  porphyries  which  make  their  appearance  at  interralB 
along  the  valley,  as  shown  in  Russegger's  map. 

*  Pro£  C.  Euhn*8  paper  in  Pecennann'a  Qtog,  MittheiL  1868,  p.  8. 

t  Since  writing  the  aboro  lines,  I  obBerretnat  the  late  Dr.  l^Jooner  oon- 
duided  that  a  narrow  strait  had  onoo  oommunioated  between  the  Mediterranean, 
near  Antioch,  and  the  Red  Sea  at  Akabah,  and  that  the  Jordan  probably  at 
one  time  flowed  into  the  Gulf  of  Akabah, — alao  that,  nmultaneonuj  with  the 
upheaTal  of  the  Arabah  ridge,  the  Tallej  of  tiie  Jordan  waa  deprened  through 
a  violent  mechanical  convolnon.    (Falconer^a  Memoirs,  voL  iL  p.  686.) 
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Bdt  M.  Lartdt  affirms  that  pebbles  of  this  quartziferous  porphyry 
ire  found  in  the  conglomerates  of  the  *'  Nubian  sandstone^"  near 
ICount  Hor,  and  that,  as  their  eruption  consequently  took  place 
Mfore  the  depression  of  the  older  Cretaceous  strata,  the  porphyries 
nnsty  if  there  has  been  any  recent  elevation  at  all,  have  partaken  of 
it  in  oommon  with  the  Cretaceous  and  Eocene  strata,  for  which 
moTement  the  evidence  is  yet  to  be  collected. 

Under  such  considerations  the  Dead  Sea  must  be  allowed  an  in- 
kpendent  origin,  connected  by  a  continuous  water-flow  neither 
the  Mediterranean  nor  with  the  Gulf  of  Akabah ;  and  the 
reasoning  on  the  peculiar  character  of  the  various  salts  so 
largely  dissolved  in  its  waters  lends  a  strong  confirmation  to  such 
views ;  whilst  if  we  test  the  phenomenon  by  the  analogy  of  salt 
Lakes  in  other  countries,  there  is  no  difficulty  in  accounting  for  its 
laltnees  by  the  energetic  evaporation,  throughout  a  long  series  of 
iges,  of  all  the  waters  flowing  down  into  its  basin. 

However  closely  these  two  most  recent  observers  may  agree  as  to 
the  antiquity  of  the  grand  chasm  of  the  Ghor,  a  great  discrepancy 
of  opinion  arises  with  respect  to  the  mode  of  its  formation.  Dr. 
Fraas  looks  upon  it  as  a  simple  case  of  erosion  from  perfectly  hori- 
KMital  strata — a  statement  upon  which  we  are  compelled  to  ask, 
irhat  has  become  of  the  eroded  material  ?  And  reckoning  up  only  the 
length  from  the  north  of  the  upper  great  lake  to  the  end  of  the  main 
lioUow,  south  of  the  other,  about  150  miles,  with  the  vast  depth 
ind  width  of  the  entire  depression,  there  is  an  astounding  quantity 
)£  debris  to  be  accounted  for,  which,  if  we  are  imable  to  keep 
9pen  a  water-route  downhill  to  the  Gulf  of  Akaba,  leaves  the 
tiypothesis  untenable.  On  the  other  hand,  M.  LartSt,  observing  a 
lUght  easterly  inclination  on  the  Judsean  side  of  the  Dead  Sea,  and 
mly  higher  strata  exhibited  there  as  compared  with  those  that  crop 
>at  on  the  opposite  shore  of  Moab,  adopts  the  view  suggested  first 
by  Hitchcock*,  that  a  fault  or  dislocation  takes  its  course  along  the 
tine  of  the  valley,  having  a  heavy  downthrow  to  the  west,  and 
that,  in  fact,  the  present  depression  was  produced  by  a  relative 
lesoent  of  the  eastern  side  of  the  hill-district  of  Judsea  during  the 
movements  that  raised  the  entire  land  from  the  sea.  The  soundings 
liken  by  the  American  Expedition,  showing  a  gradual  inclination 
brom  the  western  shore  to  a  maximum  depth  of  above  1 300  feet 
near  the  eastern  side,  and  the  sudden  plunging  down  to  900  feet 
lepth  of  this  latter  coast,  add  probability  to  a  theory  much  more  in 
loooidanoe  with  facta  observed  elsewhere  than  is  tiio  notion  pro- 
poimded  some  years  ago  by  Bussegger,  that  the  whole  breadth  of  the 
Shdr  had  been  a  subsidence  caosed  by  deep-seated  volcanic  action. 

Both  JPraas  and  Lartdt  concur  with  the  observations  of  all  geolo- 
{ists  who  have  visited  this  region,  that  the  volcanic  appearances 
lacribed  to  it  existed  only  in  the  minds  of  persons  imbued  with 
pnoonoeiYed  notions  and  ignorant  of  the  character  of  the  simplest 
itn^ified  zocks ;  but,  penetrating  as  he  did  through  the  mountains 
if  the  eastern  coast,  M.  Lartdt  was  able  to  confirm  the  statements 
*  Bap.  Assoc  Anur.  GeoL  Boston,  1841-42,  p.  848. 
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iDEide  by  that  nccurato  traveUcr,  Svetzcn,  who,  in  1807,  described 
plateanz  of  basaltic  lava  aa  capping  limoatoDe  hills  at  some  dist&ncc 
from  the  lake.  From  some  of  the  higher  points,  it  would  appear 
that  cnuUet  have  flowed  downwards  through  the  valleys ;  and  whilst 
the  volume  of  these  igneous  rotks  seems  to  be  small  as  compared 
with  what  obtains  in  the  country  further  northward,  it  is  important 
to  observe  tbst  their  cniption  miwt  have  been  long  posterior  to  ttut 
fommtioii  of  the  deep  chasm,  as  proved  by  their  flowing  along  the 
deep  gorges  which  debouch  upon  its  waters. 

M.  Lartt-t  has  alat)  done  good  service  in  tracing  and  describing 
with  distinctncM  the  strata  of  flue  sediment  which  were  deposited 
by  the  lake  when  it  stood  at  a  level  higher  by  above  300  feet  than 
at  present.  Furrowed  and  torn  nsunder  by  the  ruins  and  tarrents 
of  the  wet  season,  these  friable  beds  of  marl  and  gypseous  clay  arc 
scon,  at  various  jilaccs  near  the  borders  of  the  Dead  Sea,  standing 
in  conos  and  ridges  and  raj^ged  plateaux,  often  of  the  moat  fantastic 
foniis.  In  the  peninsula  of  Lisan  Ihey  were  studied  to  the  greatest 
advantage,  but  nowhere  yielded  a  single  fossil;  and  it  may  perhaps 
thence  be  fairly  concluded  that,  even  at  that  remote  period,  when 
the  waves  of  the  "salt  sea''  beat  against  the  sides  of  the  valley  of 
the  Jordan  at  least  halfway  up  to  Tiberias,  its  waters  were  already 
80  far  saturated  with  chlorides  and  bromides  as  to  be  unsuitable  for 
the  maintenance  of  animal  life. 

Gltanife  of  Cliiiiatal  Coiuliliont, — Is  the  cause  of  this  once  reiy 
different  surfiice-level  of  the  Dead  Sea  to  be  sought  in  a  fi>rmer 
moro  abundant  influx  of  waters  resulting  from  a  moister  climate, 
or  in  a  less  vigorous  evaporation  than  at  present,  or  in  bath  com' 
bined?  and  what  has  been  the  source  of  so  great  a  chonga  of 
climato  between  that  time  and  our  own?  U.  l^irt^t  snggeeta  that 
the  high  water-level  probably  belonged  to  the  Glacial  period,  when, 
OB  wo  have  learned  from  Br.  Hooker,  glaciers  lay  upon  the  Banks 
of  Lebanon,  and  the  temperature  of  Southern  Palestine  must  con- 
sequently have  been  low  enough  to  be  consisteut  with  a  hcary  rain- 
fell  and  little  evaporation.  Should  the  startling  novelty  annonnoed 
1^  Dr.  Fraos  be  conflrmed,  of  the  traces  of  glaciera  in  Sinai,  it 
would  be  a  matter  of  high  interest  to  connect  them  with  the  same 
period.  It  is  ai^od  also  fhtm  the  dimensions  of  the  varions  watcr- 
coureee  which  open  upon  the  valley,  and  which  are  now  in  ordinary 
spring  or  summer  weather  mostly  d^,  that  they  must  have  been  chan- 
nelled out  by  powerful  streams  which  have  long  ceased  to  exist ;  but 
in  the  absence  of  trustworthy  accounts  of  the  amount  and  voliUBe  cf 
these  streams  in  the  winter  season,  those  who  are  acquainted  with 
the  transformationa  connected  with  southern  climates,  and  bars 
seen  the  fiwmaraa  of  Sicily,  the  mmhUu  of  the  Alpnjarras,  s&d  tho 
wadit  at  North  Africa,  will  hesitate  before  concluding  the  inability 
of  the  present  nunftUl  to  cut  down  the  ravines  on  a  large  scale. 
It  is  nevertheless  in  favour  of  this  argument,  that  ssreral,  at  least, 
of  these  outlets  are  by  no  means  worn  down  to  the  present  \enL  of 
tits  lake,  but  open  nptm  it  in  the  abmpt  shores  at  such  a  heigbt 
above  its  suiCbgo  as  to  give  the  impression  tiiat  the  excavating  action 
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of  the  stream  is  dight  as  compared  with  what  it  was  of  old.  On 
the  great  change  which  must  have  occurred  in  the  climate  of  the 
ootintry,  M.  Lartet  proposes  the  following  means  of  accounting  for 
the  phenomena : — 

1st.  That  they  are  duo  to  a  general  elevation  of  the  temperature, 
increasing  the  rate  of  evaporation. 

2nd.  That  the  emergence  of  a  large  tract  of  land  in  the  region 
from  which  the  prevalent  winds  had  come  would  cause  them  to 
arrive  dry  and  hot  instead  of  laden  with  moisture,  and  that  the 
rise  of  the  Sahara  above  the  sea  probably  took  place  about  this  period. 

3rd.  Or  that  a  lofty  chain  of  mountains  might  in  early  times 
have  been  upraised  in  the  path  of  the  same  winds,  the  cool  summits 
of  which  would  tend  to  condense  the  watery  vapour,  and  thus  to 
precipitate  the  rain  which  otherwise  would  have  been  conveyed  to 
a  greater  distance. 

A  further  question  of  high  importance  is  answered  in  the  affir- 
mative by  Dr.  Fraas,  vis.  whether  these  climatal  changes  have  not 
been  continued  during  the  historical  period,  and  whether  wo  have  not, 
in  the  general  absence  of  vegetable  soil  in  Palestine,  and  in  Egypt 
outside  the  area  of  Nile  irrigation,  as  also  in  the  contrast  afforded 
between  ancient  records  and  present  barrenness,  sufficient  evidence 
of  a  secular  deterioration  altogether  independent  of  human  agency. 

As  regards  the  probability  of  a  great  revolution  in  meteorological 
phenomena  caused  by  the  elevation  of  the  Sahara,  the  Society  is 
aware  of  the  theory  put  forward  a  few  years  ago  by  the  Swiss  geo- 
logists, that  the  retreat  of  the  vast  ancient  glaciers  of  the  Alps  was 
caused  by  the  hot  winds  which  arrived  direct  from  that  newly 
raised  portion  of  Northern  A^ca.  The  violent  Fohn  wind,  or 
"  snow-eater",  as  it  is  sometimes  locally  termed,  which,  whether  in 
summer  or  winter,  so  often  impinges  from  the  southward  with  fury 
apon  the  mountain  barrier  of  Switzerland,  is  now  pointed  out,  by 
peasant  and  naturalist  alike,  as  the  chief  agency  by  which  the  snows 
and  glaciers  are  kept  in  check.  MM.  Desor  and  Escher  von  der 
linth  visited  Africa  in  1863,  especially  for  the  purpose  of  inquiring 
into  the  subject,  and,  finding  reasons  for  conduding  that  the 
Sahara  has  been  elevated  from  tiie  condition  of  a  sea-bottom  during 
the  Qnatemaiy  epoch,  were  satisfied  that  they  had  obtained  ample 
eonfirmation  of  the  theory. 

In  his  Address  to  the  British  Association  at  Bath,  Sir  Charles 
Lyell  drew  up  a  lucid  and  connected  account  of  the  various  facts 
■ad  their  explanations  which  support  the  opinions  first  propounded 
by  IL  Escher  von  der  linth,  and,  admitting  the  correctness  of  the 
data,  showed  the  undoubted  marks  of  the  change  of  climate  which 
molted  from  the  prevalence,  for  a  few  days  more  or  less,  of  the 
Fohn  or  Sciiocoo.  At  the  same  time  he  brought  forward  additional 
evidence  for  the  eadstenoe  in  Posttertiary  times,  of  a  sea  occupying 
the  plaee  of  a  great  part  of  Northern  Africa,  and  separating  the 
hi|^iunds  of  the  sonth  and  south-east  from  the  hill-district  of  Algeria 
ai^  tlie  Atlas. 

PnllBflBor  Dove,  the  eminent  meteorologist,  who  has  for  many 
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vcars  advaiicod  other  views  on  the  subject  of  these  remaTkablc 
winfls,  has  recently  published*  a  oare&il  examination  cX  Qie  vhole 

He  cites  early  writings  of  his  own,  banning  in  die  year  1837, 
bawd  on  the  piinciplee  of  Hadlcy,  and  confirmed  by  the  generaliu- 
tiims  of  Sir  John  Horschel,  wfaidi  show  that  the  currents  of  heated 
iiir,  rising  from  the  parched  regions  of  Central  Africa,  must  partake 
of  the  more  rapid  velocity  of  the  equatorial  rotation,  and,  oa  they 
pans  northward,  gain  on  the  surface  of  the  earth  in  the  slower-mor- 
injr  higher  latitudes,  and  gradually  get  deflected  on  their  course  to- 
wards the  poles,  so  OS  to  assume  the  direction  of  south -westerly 
windn.  In  n-inter,  he  holds  that  the  chief  heating  area  will  lie  far 
to  tlio  south  of  the  Saliara,  and  that  the  upper  or  return  trade- 
wind  {ohere  Postal)  will  turn  off  in  such  a  direction,  as  not  merely 
to  miss  the  Alps  in  its  northerly  course,  but  barely  to  touch  the 
southern  comer  of  Greece.  Ita  full  force  wiD  thus  sweep  over  Arabia 
and  Western  Arih  to  the  regioiisof  the  CaHpian,  the  Aral,  and  Central 
Asia.  The  hot  winds  which  rise  from  the  broiling  African  deserts  msy 
therefore,  where  they  bejpn  to  descend  again  towards  the  surface  of 
the  eartii,havc  been  instrumental  in  promoting  an  unusual  amount  of 
cvapomtion  in  Syriii  ami  the  Aralo-Cospian  plains,  whilst  the  Fiihn 
would  be  di.'riTeU  from  n  more  westerly  origin,  and  probably  from 
fhe  Soutli  Atlantic  anil  West  Indies.  But  the  Swiss  authors  object 
that  the  Fiihn  is  a  hot  and  very  dry  wind;  and  Dove  thereupon 
quotes  at  length  a  series  of  obscrvationa  and  descriptions  which 
establish  the  fact  that  these  storms,  when  they  break  upon  the  Alps, 
arc  commonly,  and  in  the  winter  especially,  accompanied  by  heary 
rains,  and  in  the  higher  districts  by  thick  downfalls  of  snow.  The 
two  instances  moru  closely  inquired  into  are  the  storms  of  the  6th 
and  7th  January.  1863,  and  17th  February,  18G5,  when  the  "wild 
offspring  of  the  desert,"  as  the  gale  was  termed  hy  the  Swiss  papers, 
raisJ>d  the  temperature  counderably,  and,  including  in  its  train 
lightning,  snow-storms,  avalanches,  and  inundations,  committed 
fearful  havoc.  In  tho  second  case  it  was  particularly  observablo 
that,  for  some  days  before,  the  temperature  had  been  lower  than 
for  forty  years  previously ;  and  whilst  tho  result  of  a  warm  dry 
wind  impinging  on  this  cold  air  would  have  been  only  to  increase 
ita  capacity  for  vapour,  that  of  a  worm  moist  wind,  under  the  same 
conditions,  would  be  to  condense  the  vapour,  and  to  produce  a  £aU 
of  snow.  And  this  latter  effect  is  proved,  by  the  ocoonnts  sent  in 
from  58  different  localities,  to  have  occurred  heavily  almost  through- 
out the  country.  About  tho  same  date,  and  for  some  days  after- 
wards very  stormy  weather  was  reported  from  various  stations  in 
Italy,  where  the  wind  was  mostly  the  Bcirocco,  tho  sonth-euter, 
which  tliere  can  be  little  hesitation  in  accepting  m  idcntioal  with 
the  Poho. 

Tho  rcacarchos  of  Ehrenberg  on  tho  microecopio  otganissiB  con- 
tained in  the  red  dust  and  "hlood-rain"  sometimes  depooited  by 
tho  Scirocco,  are  strongly  in  &vour  of  asoriUDg  to  them  a  Bonth- 
*  Ucbcr  EiiKil,  FAhn,  und  Scirocco,  von  R.  W.  Dove.    BcrKn,  18B7. 
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Amorican  rather  than  an  African  origin ;  and  the  heavy  storm  of 
28th  Febmary,  1866,  was  a  south-westerly  gale  in  Western  Europe, 
a  Fohn  in  the  Alps,  and  a  Scirocco  in  Italy,  accompanied  by  rain 
with  red  dust.  It  is  true  that  these  atmospheric  currents  may  be 
subjected  to  such  obstruction  or  friction  by  coming  in  contact  on 
the  north-west  with  masses  of  cold  air,  and  on  the  south-east  with 
the  heated  air  of  Africa,  as  to  be  obliged  to  pursue  a  modified 
course,  and  that  in  this  way,  a  Scirocco  di  paese,  a  real  land-Fohn 
may  be  locally  occasioned.  Under  such  conditions  the  line  of  Italy 
and  the  Alps  would  form  a  border  region,  while  the  greatest  baro- 
metrical depression  would  occur,  not  in  Switzerland,  but  in  Franco, 
and  would,  as  in  the  storm  of  2drd  September,  186G,  cause  the 
equatorial  current  to  act  with  special  energy  in  that  country,  and 
thus  to  produce  the  most  destructive  inundations. 

Profeasor  Dove  seems  to  admit  that  an  occasional  hot  blast  may 
eixMs  as  a  direct  desert-wind  in  the  lower  regions  of  the  atmosphere, 
by  the  narrow  sea-channel  from  Tunis  to  Sicily,  and,  sweeping  up 
overland,  perhaps  reach  the  Alps  as  a  still  dry  wind.  But  the 
lively  account  given  by  Lorenz*  of  the  ways  and  properties  of  the 
two  opponents,  the  Scirocco  and  the  Bora,  on  the  eastern  coast  of 
the  Adriatic,  adds  strong  confirmation  to  the  general  statement  that, 
apart  from  local  waifs  and  strays  and  modifications  in  direction,  the 
great  bulk  of  the  winds  which  descend  hot  and  full  of  moisture  on 
these  mountain-regions  has  ascended  from  land  and  ocean  far  to 
the  west  of  Africa,  and  that  they  are  fulfilling  the  great  purpose 
of  counteracting  tiie  tendency  of  the  trade-winds,  as  they  drag 
over  the  surface  of  the  earth,  to  retard  the  velocity  of  its  diurnal 
rotation. 

A  great  amount  of  clear  light  has  been  thrown  upon  the  climatal 
conditions  of  our  globe  in  various  earlier  stages  of  its  history  by  the 
researches  of  Prof.  Oswald  Heert»  who  has  recently  published  a  brief 
riiumi  on  the  fossilized  remains  of  plants  foimd  in  Iceland,  Spits- 
bergen, North  Greenland,  Banks  Dmd,  and  the  north  of  Canada. 
At  the  outset  we  are  astonished  at  the  wealth  of  the  Arctic  flora 
prored  to  have  existed  in  Miocene  times;  but  when  the  indefatigable 
Swiss  botanist  shows  us  so  many  instances  of  dose  analogy  between 
the  extinct  forms  and  the  now  living  species  of  northern  latitudes, 
he  dissipates  the  doubts  which  induoed  cautious  reasoners  to  argue 
for  the  probability  of  masses  of  trees  and  other  vegetation  having 
been  dnfted  from  the  southward  to  the  now  inhospitable  shores 
where  they  have  been  exhumed  by  our  Polar  explorers.  The  pre- 
servatioii  of  delicate  leaves,  the  fact  that  insects  are  found  with  the 
plantB,  the  presence  of  fruite,  flowers,  and  seeds,  sometimes  arranged 
as  ther  originally  were  in  the  berry,  and  the  occurrence  of  the 
▼agetable  remains  in  some  cases  (as  in  Spitsbergen)  with  fresh- 

*  Phyakalisohe  TerhlltniMe  und  YertheQiing  der  Organiunen  im  qiiar- 
MriMshflB  Golf.  1868. 

f  **  JLa  Flon  Ifioefae  des  legions  polairee,"  par  M.  le  ProfeaMur  O.  Heer, 
BOL  Univ.  Hov.  1887.  Bee  dso '  Flore  FoMile  dei  B^gioni  Pohdres,'  par  M. 
Is  Ftat  O.  Hser :  Zfiriflh,  1807. 
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Tater  depodts.  sofflciently  indicate  that  tliey  can  have  been  wafted 
for  no  great  distance  from  tho  sites  on  which  they  grew.  Thus  the 
Sequoia  (  WeHinsjtonia)  Langidorffii  was  once  the  most  abundant  tree 
in  the  north  of  Greenland,  and  its  remains  are  found  aa  far  sonth 
as  the  Uioecne  beds  of  Switzerknd  and  Itaijr;  and  this  example  cf 
a  gcniiB  to  which  belong  the  largest  trees  in  the  world,  and  whidi 
once  exidU'd  abundantlj  throughout  the  high  latitudes,  but  espe- 
cially in  Iccliind,  is  very  nearly  akin  to  Sequoia  umpervirtiu,  ono  at 
the  two  species  which  alone  suirive  and  which  are  excIusiTely  con- 
fined to  Califomin.  It  is,  perhaps,  yet  more  surprising  to  hear  of  tlu 
beeches,  chestnuts,  oaks,  and  even  vines  which,  in  those  far  distant 
days,  combined  with  a  rich  undergrowth  of  shrubs  and  elegant  fema  to 
form  a  picture  contrasting  in  the  highest  degree  with  the  moditm 
condition  of  that  same  Greenland,  covered  by  one  colossal  glacier. 

In  the  Miocene  period,  the  northern  limit  of  the  limes,  ttio  Titxo- 
di(r,  and  tho  Plntiini  was  the  7!)th  degree  of  latitude,  whilst  that  of  the 
pines  and  poplars,  if  we  may  judge  from  what  we  now  ace,  would 
reach  1 3  degrees  further  north  than  the  Plalani,  or  absolutely  to  the 
pole,  or,  at  all  events,  the  neiircst  land  thereto.  The  great  change  of 
climate  is  rendered  sufficiently  ohrious  by  observing  that  the  present 
northern  limit  of  trees  is  the  isothermal  line  which  gives  a  mean 
temperature  of  10°  C.  (or  50°  F.)  in  July,  and  which  nearly  coin- 
cides with  the  parallel  of  67  degrees  north  latitude,  never,  therefore, 
entering  within  the  polar  circle ;  whilst  in  thoeo  days  it  even  at- 
tained the  pole. 

Founding  his  opinion  on  the  character  of  the  flora.  Prof.  Heer 
concludes  that  tho  mean  tempcH^ature  of  the  year,  in  the  Miocene 
epoch,  was,  in  North  Greenland,  about  lat.  79°,  5"  C.  (41"  F.),  whilst 
at  the  same  period  that  of  Switzerland  would  have  been  21°  C. 
(titPS  F.).  making  a  difi'erencc  of  10°  C.  (28'8  F.).  At  the  present 
day  the  difference  between  tho  moan  annual  temperature  of  Swit- 
zerland (Lit.  47°),  reduced  to  the  level  of  the  sea,  and  that  of  Spitz- 
bcrgen  (lat.  7S°)  is  2U''-6  C.  (37°-08F.>,  whence  it  is  evident  that 
at  the  Miocene  period  the  general  climate  of  northern  Europe  waa 
more  cqiiahle  than  now,  and  that  the  mean  temperature  dimuilahed 
at  a  lower  rate  than  the  present  between  the  temperate  zone  and  the 
pole,  having  then  been  at  the  rate  of  0^-5  C.  (0°-9  F.),  and  being  now 
0°eO  C.  (l°-2  F.)  for  each  degree  of  latitude. 

In  endeavouring  to  find  an  explanation  for  these  facta  now  ^oed 
■o  distinctly  before  us,  Prof.  Heer  has  examined  a  long  Beriea  of  the 
hypotheses  which  have  from  time  to  time  been  advanced.  He  de- 
elinca  to  admit,  for  a  moment,  any  auppodtion  of  the  £splacemeiit 
of  the  poles,  and  objects  as  well  to  the  <dder  views  as  to  the  recently 
propounded  theory  of  our  secretary,  Mr.  J,  Evans,  which  seeks  to 
show  that  modifications  of  portions  of  the  earth's  crust  may  be  at- 
tended by  an  actual  movement  of  that  rigid  envelope  over  its  in- 
ternal nucleus. 

Far  morn  important,  in  the  opinion  of  the  Swiss  botanist,  is  the 
■peculation  so  admirably  roasoned  out  b}-  Sir  Charles  Lj^,  on 
the  elimatol  changes  which  mnst  be  produced  by  a  new  distribution 
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of  sea  and  land.  And  yet,  granting  the  most  favourable  circnm- 
stances,  and  asanming  that,  instead  of  the  present  irregular  and 
unequal  distribution  of  sea  and  land,  we  had  the  continents  united 
near  the  equator,  and  only  scattered  islets  left  amid  great  oceans  in 
the  higher  latitudes,  the  mean  annual  temperature  would  undoubt- 
edly be  raised  in  no  small  degree,  but  not  sufficiently  to  admit  of 
the  growth  of  a  rich  vegetation  between  the  parallels  of  70  and  80 
degrees.  The  very  flEu^t,  however,  of  the  wide  distribution  of  this 
luxuriant  Miocene  flora  shows  that  a  large  area  of  land  was  then 
amassed  in  the  temperate  and  polar  zones,  and  consequently  that 
such  explanation  is  inadequate  to  account  for  the  facts. 

Prof.  Heer,  like  many  others,  is  much  tempted  by  the  ingenious 
inquiries  of  Mr.  James  Croll  on  the  results  of  the  varying  excen- 
tricity  of  the  earth's  elliptical  orbit.  The  present  tendency  of  its 
course  is  towards  the  form  of  a  circle ;  and  in  23,912  years  it  will 
have  made  its  nearest  approximation  to  that  flgure,  and  the  excen- 
tricity  win  be  at  its  minimum,  or  little  above  half  a  million  of  miles. 
At  the  present  time  the  linear  value  of  the  oxccntricity  is  three 
millions ;  and  when  the  orbit  attains  to  the  opposite  extreme  of  form, 
it  is  above  fourteen  millions  of  miles.  At  present,  also,  the  earth  is 
nearest  to  the  sun  during  the  winter  of  our  northern  hemisphere, 
and  farthest  during  our  summer.  But  since,  in  the  meanwhile,  the 
relative  position  of  the  line  of  the  apsides  and  that  of  the  solstices  is 
affected  by  a  movement  of  revolution  occupying  21,000  years  for  its 
completion,  our  northern  summer  will,  in  about  10,000  years,  coin- 
cide with  the  perihelion,  and  the  winter  with  the  aphelion.  Now, 
when  this  latter  coincidence  takes  place  at  the  time  of  maximum 
cxcentiicity  of  the  orbit,  the  hemisphere  so  affected  must  suffer  an 
unusually  high  degree  of  cold :  the  moisture,  in  winter,  would  be 
precipitated  as  snow,  and  vast  masses  would  be  accumulated  which 
the  summer's  heat  would  be  unable  to  melt.  The  other  hemisphere 
would  in  the  meanwhile  enjoy  a  temperate  chmate,  like  a  con- 
tinoal  spring.  It  has  been  calculated  that  such  a  concurrence  of 
these  elements  of  position  took  place  850,000  years  ago,  giving  36 
days  of  winter  in  excess,  a  mean  temperature  in  the  latitude  of 
London  of  126^  F.  for  the  hottest,  and  —7°  for  the  coldest  month, 
and  when  it  appears  probable  that  the  Glacial  period  was  in  force, 
— although  only  50,000  years  earlier,  when  the  excentricity  was 
at  a  minimum,  the  climatal  conditions  must  have  been  entirely 
reversed*. 

Vrhilst,  however,  Prof.  Heer  leans  to  the  opinion  that  some  effect 
from  these  latter  causes  may  have  combined  with  that  of  geogra- 
phical distribution  of  land  and  sea  to  produce  changes  of  climate, 
and  that  the  latter  is  probably  the  more  energetic,  as  it  is  also  the 
most  securely  deduced  source  of  action,  he  looks  further  for  assistance, 
and  suggests  the  passage  of  our  solar  system  through  regions  of 
vaiying  temperature.  This  hypothesis  was  examined  in  detail  by 
Hopkins,  in  his  admirable   paper  on  the  causes  which  may  have 

*  For  a  fun  disetiw'on  of  the  oauses  of  yioiiwitudes  of  climaies  vide  Ljell*s 
'Principlesy'  lOtii  edit.  diap.  lii.  &  xiii. 
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produced  changes  in  the  earth's  superficial  temperature*,  more 
[)articularly  with  reference  to  its  being  assigned  as  an  explanation 
of  the  cold  of  the  Glacial  period,  for  which  ho  proves  it  to  be  entirely 
insufficient.  Mr.  Hopkins  showed,  at  the  same  time,  that  more 
might  be  said  in  favour  of  a  maximwn  than  of  a  minimum  tempera- 
ture acquired  in  this  way,  but  yet  that,  if  our  sun  were  to  approach 
a  star  within  the  distance  of  the  planet  Neptune,  a  case  incompatible 
with  the  continued  existence  of  the  solar  system  in  its  present  form, 
the  stellar  radiation  would  not  send  to  the  earth  much  more  than 
the  thousandth  part  of  the  heat  which  she  derives  from  the  sun. 
The  inappreciable  increase  of  temperature  derivable  from  this  source 
renders  the  hypothesis  untenable  so  long  as  the  reasoning  of  our 
lamented  former  President  remains  unimpugned. 

The  subject  of  the  dimato  of  former  periods  as  contrasted  with 
the  present,  and  more  particularly  as  connected  with  the  phenomena 
of  the  Glacial  epoch,  has  been  elaborately  handled  by  our  foreign 
member  Biu:t)n  Waltershausen,  Professor  of  Geology  at  Gdttingen, 
in  a  treatise  f  to  which  the  priio  of  the  Haarlem  Society  has  been 
awarded.  His  investigation  reminds  the  reader  of  those  sections  of 
Mr.  Hopkins's  paper  on  Changes  of  Climate  which  discuss  the  posi- 
tion of  the  isothermals,  the  height  of  the  snow-line  under  different 
circumstances,  and  particularly  the  extent  to  which  elevation  of  the 
land  in  the  Alps  and  in  the  Snowdon  district  may  have  caused  the 
former  extension  of  glaciers.  But  my  esteemed  friend  the  Gottingcn 
Professor  enters  much  more  into  the  details  of  the  geological  phe- 
nomena so  closely  intertwined  with  the  meteorology  and  the  mecha- 
nics of  the  Alps,  and  brings  to  his  aid  the  researches  of  other 
authors,  published  within  the  last  few  years.  His  work  gives  a 
general  account  of  the  history  and  the  results  of  the  observation  of 
glaciers,  of  tlio  indubitable  former  extension  of  the  ice-streams  far 
beyond  their  present  limits  on  both  sides  of  the  Alps,  and  of  the 
dLstributioii  of  the  erratic  blocks,  as  checked  and  confirmed  by  often 
repeated  visiti^  to  Switzerland,  and  further  illustrated  by  journeys 
in  Iceland  and  Scandinavia.  It  is  Waltersbausen's  object  to  base 
the  explanation  of  these  facts,  and  of  the  great  contrast  to  them 
presented  by  the  climate  of  the  Tertiary  period,  upon  the  firm  founda- 
tion of  weight  and  measurement,  and  to  endeavour  to  prove  that 
they  are  consistent  with  the  doctrine  of  the  earth's  heat  as  pro- 
pounded by  Fourier,  thus  standing  in  need  of  no  hypotheses  or 
guesses,  such  as  variable  radiation  of  the  sun,  or  hot  and  cold  regions 
in  space,  which  are  unsupported  by  any  other  class  of  observations. 

In  order  to  estimate  fairly  the  changes  which  may  have  taken 
place,  we  must  consider  the  several  conditions  on  whidi  the  ^1™^ 
of  a  given  locality  is  dependent,  nz. : — 

1 .  Its  altitude  above  the  sea-lcvd. 

2.  Its  geographical  latitude. 

3.  The  distribution  of  land-  and  sea-surfieu^e. 

*  QuaH.  Joum.  Geol.  Soo.  1851,  p.  60. 

t  *  Ueber  die  Klimata  der  G^mnwart  iind  der  Vorwioli,*  von  W.  SartoriiM 
von  Walterdiftuien.    HMrlem,  1865.   4to,  388  pp. 
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4.  Hygrometric  condition  of  atmosphere,  cloud-formation,  and 

rain&ll. 

5.  The  currents  of  the  air  and  sea. 

6.  The  internal  heat  of  the  globe. 

The  effect  of  the  latter,  being  at  present  valaed  at  only  X°  €., 
may  be  n^lected  in  questions  relating  to  recent  periods,  aluiough 
it  muBt,  in  all  probability,  have  formed  an  important  item  at  the 
time  of  the  more  remote  geological  events. 

The  decrease  of  temperature  for  a  given  amount  of  elevation  in 
the  air  is  so  distinctly  dependent  on  the  latitude  of  the  place  (being 
more  in  the  polar  and  less  in  the  equatorial  regions),  that  a  formula 
may  be  established  by  the  aid  of  which  the  mean  temperature  for 
any  required  elevation,  under  a  certain  latitude,  may  be  approxi- 
mately calculated.  But  it  is  requisite  for  this  purpose  to  know  the 
mean  annual  temperature  of  some  neighbouring  locality  of  measured 
hei^t  above  the  sea ;  and  thus  a  comparison  of  the  observed  con- 
ditiooa  of  sea-climate  and  land-dimate  respectively  has  to  be  insti- 
tuted, from  which  it  comes  out,  among  other  deductions,  that  in  the 
latitade  of  33°  24'  in  our  northern  hemisphere  the  mean  annual 
temperature  of  a  totally  marine  and  of  a  continental  climate  would 
be  die  same,  whilst  northward  of  this  parallel  the  mean  tempera- 
tore  of  the  land-climate  would  be  colder,  and  southward  would  be 
wanner,  than  that  of  the  oceanic  climate.  And  the  ultimate  con- 
dosion  is,  that  although  the  unsymmetrical  distribution  of  land  and 
sea  on  the  earth's  surface  must  exercise  an  undoubted  influence  on 
the  advance  and  retrocession  of  the  glaciers,  it  is  not  adequate  to 
account  for  the  glaciers  of  the  Diluvial  period. 

The  relation  of  an  oceanic  dimato  to  glaciers  has  lately  received  valu- 
able illustrations  from  the  writings  of  Drs.  Haast  and  Hochstetter, 
on  the  Southern  *'  Alps  "  of  New  Zealand.  Their  chief  results  are 
given  in  the  last  chapter  of  the  sumptuously  printed  and  illustrated 
volume  which  has  recently  been  published  by  the  latter  geologist*. 

Heire,  in  the  latitude  of  43°  to  44°  S.,  whilst  the  average  lower  ter- 
mini of  the  glaciers  on  the  east  side  of  the  ridge  are  much  higher,  the 
great  Tasman  glacier  descends  to  2774  feet  above  the  sea-level ;  but 
on  the  western  side  of  the  ridge  the  Francis  Joseph  glacier,  although 
of  much  smaller  volume,  reaches  no  less  than  2000  feet  lower,  or  to 
a  height  of  but  705  above  the  sea.  This  strange  contrast  is  accom- 
panied by  the  notably  heavier  precipitation,  and  the  frequent  cloud 
and  mist  of  the  western  coast.  And  as  the  large  development  of  the 
glaciers,  generally,  in  this  region  seems  attributable  to  the  equable 
and  humid  oceanic  climate,  so  the  exceptional  advancement  of  the 
foot  of  the  Francis  Joseph  glacier  among  the  vegetation  of  the  low- 
lands is  to  be  explained,  not  by  a  low  mean  annual  temperature,  but 
by  a  peculiarly  low  temperature  of  the  summer  f. 

*  Kew  Zealand,  itii  phynoal  goography,  geology,  Ac,  lij  Dr.  Ferdinand  von 
HoobfltcMer.    Stirtlgart :  J.  Q.  Cotto.  1867. 

t  The  mean  annual  temperature  of  Christohuroh  wbb  63}®  in  1864,  that  of 
the  sunuiwr  61^%  and  of  the  winter  44^^  It  ia  believed  that  the  annual  avenge 
OB  the  west  eoart  ia  ▼ei7r~~'— 
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Von  Waltershausen  has  further  been  bold  enough  to  investigal 
aud  state  the  mean  temperatures  of  different  regions  of  the  earth 
surface  in  early  geological  epochs,  beginning  with  the  Silurian.  B 
argues  that  this  may  fairly  be  attempted  only  on  the  supposition  < 
a  slow  and  uniform  change  in  one  direction,  in  accordance  with  ti: 
theory  of  Fourier,  and  on  the  assumption  that  a  much  larger  pre 
portion  of  the  earth's  surface  was  covered  with  sea  in  those  earl 
times  than  at  present,  when  the  ratio  of  dry  land  to  sea  is  aboi 
2  to  5. 

The  calculation  has  to  be  based  on  that  hotly  disputed  and  sti 
very  uncertain  element,  the  thickness  of  the  earth's  crust,  whid 
taking  the  mean  density  of  the  earth  at  5*67,  and  the  mean  specif 
gravity  of  lavas  at  2*912,  derived  from  the  depth  where  the  rigi 
and  the  fluid  constituents  would  be  in  contact,  he  estimates  at  aboc 
6G  miles  English,  or  ^th  of  the  earth's  radius. 

Upon  this  foundation  several  curious  tables  are  calculated,  show 
ing  what  would  be  the  temperature  of  the  surface  with  a  give 
thickness  of  solid  crust,  at  what  depth,  in  each  case,  the  boiling 
point  of  water  would  occur,  and  the  mean  temperature  of  the  dil 
forent  latitudes  at  the  epoch  of  the  several  geological  formation 
But  in  their  application  these  results  are  vitiated  by  the  author 
having  ignored  the  presence  of  stratified  formations  beneath  th 
Silurian ;  and  the  comparatively  recent  discoveries  of  Sir  Williai 
JA)gan  have  sufficiently  proved  to  geologists  the  enormous  ernn 
which  may  result  from  our  imperfect  knowledge  of  the  stupendousl; 
thick  and  long  continued  deposits  which  have  preceded  the  forma 
tion  of  what  wo  were  accustomed  to  consider  the  lowest  series  o 
tnily  sedimentary  rocks. 

lletuming,  however,  to  safer  ground,  the  Baron  examines  an 
rejects  the  various  theories  which  have  been  brought  forward  t 
explain  the  evidences  of  the  former  great  extension  of  glaciers  i 
the  Alps.  Influenced  by  the  Lycllian  doctrines,  he  is  no  believer  i 
the  catastrophic  action  which  many  authors  have  connected  witi 
the  u])raising  of  that  great  chain  of  mountains,  but  requires  a  looi 
period  of  time  for  the  gradual  elevation  of  the  entire  mass,  begin 
ning  near  the  end  of  the  Tertiary  period,  when  the  Molassc  ani 
Nageliiuhe  had  already  been  deposited.  When  the  main  range  a 
this  time  began  to  emerge  from  tiie  waters,  a  long  gulf  or  arm  of  th 
sea  lay  stretched  along  tiie  north  side  of  the  Alps,  which,  as  may  b 
seen  from  the  geological  maps,  extended  westward  round  to  Mar 
seilles,  and  eastward  away  beyond  Vienna  into  Hungaiy.  All  th 
larger  lakes  of  Switzerland  and  of  the  Bavarian  highlcmd  are  situat 
in  &is  zone.  As  the  higher  parts  of  the  ridge  rose  into  the  regioi 
of  perpetual  snow,  tho  formation  of  glaciers  began,  the  streams  o 
which  would  come  to  an  end  when  they  descended  to  a  stratum  o 
atmosphere  ha\'ing  a  mean  annual  temperature  of  about  2^  S 
(36°'5  F.).  Wliilst,  then,  this  arm  of  the  sea  remained  at  its  origina 
level,  it  would  have  a  mean  temperature  of  at  least  10^  R.  (64^*5  F.] 
and  the  lower  end  of  tho  glaciers  would  be  still  from  3500  to  4700  fee 
above  the  water-level.     Oscillations  seom  to  have  taken  place,  as  1 


AITHIYEBSABT  ADBliESS  OF  THE  PSE8ID£NT.  Izvii 

the  Purbeck  period,  which  caused  the  alteroation  of  freshwater  and 

marine  deposits  on  the  flanks  of  the  mountain-chain.  And  when,  in 

the  DilaTial  or  Glacial  epoch,  the  elevation  had  reached  its  maximum, 

the  height  attained  by  the  upper  peaks  and  ridges  was  due,  first,  to 

their  having  been  formed  of  a  quantity  of  material  which  has  since 

been  worn  away,  and,  secondly,  to  the  whole  range  having  been 

bodily  lifted  upon  a  higher  base  or  pedestal,  from  which  position  it 

has  again  descended  by  gradual  depression  between  the  time  of  the 

greatest  extension  of  the  glaciers  and  our  own  day. 

If  we  examine  the  mean  height  above  the  sea  of  the  termination 
of  the  glaciers  of  the  Bernese  mountains,  it  proves  to  be,  for  a  mean 
latitade  of  46^  33',  4633  feet,  and  for  those  of  the  Savoy  and  Pen- 
ziine    group,  in  mean  lat.  45^  55^  4834  feet,   giving  a  difference 
^which  would  amount  to  317  feet  for  one  degree  of  geographical  posi- 
tion.     Calculating  thence  for  a  general  mean  north  latitude  of 
46°  11'  3''  a  height  of  4693  as  the  terminal  height  of  the  glaciers, 
it  will  be  found  coincident  with  a  mean  atmospheric  temperature  of 
iJP-7  C.  (38°-72  F.);  and  at  a  height  corresponding  with  this  tempe- 
rature the  ancient  glaciers,  whose  relics  are  now  found  at  much 
lower  levels,  must  also  have  come  to  their  termination. 

Taking  now  for  comparison  the  terminal  moraines  (Steinwalle 
«kc.)  which  mark  the  former  limits  of  the  great  glaciers  of  the 
**  diluvial  '*  period  on  the  north  side  of  the  Alps,  we  have,  for  a  mean 
latitude  of  46^  55'  7'',  a  height  of  1416  feet  a})ove  the  sea,  to  compare 
which  with  the  present  mean  height  of  4693  feet,  we  may  reduce 
both  to  the  same  position  in  latitude  (that  of  Monthey),  46°  15',  and 
shall  then  have  the  respective  heights  of  4673  (h)  and  1202  {h')  feet. 
Assuming  further,  that  the  mean  annual  temperature  in  the  so- 
called  Olacial  period  was  higher  than  the  present  by0°*19  C.,by  virtue 
of  the  earth's  internal  heat,  a  further  lowering  of  level  by  90  feet 
would  have  to  be  allowed  for  the  terminus  of  the  glaciers  of  those 
times. 

We  should  then,  on  this  principle,  require  a  depression  of  the 
north  side  of  the  Alps,  since  Uie  period  of  the  great  glaciers,  of 

^-.(V-90)=4673-1112=3561  feet*, 

and  by  a  similar  inquiry,  for  the  south  side  of  the  Alps,  reduced  to 
the  mean  latitude  of  Ivrea,  as  the  centre  of  these  phenomena  along 
the  southern  flank  of  the  chain, 

A-V=4920-890=4030  feet;— 

whence,  with  a  limit  of  error  of  +  190  feet,  it  may  be  inferred  that 
the  southern  side  of  the  great  chain  has  been  depressed  about  500 
feet  more  than  the  northern  since  the  time  of  the  great  development 
of  ioe  and  snow. 

*  A  verr  Bimibur  resolt  was  indicated  bj  Mr.  David  Milne  Home,  Edinb. 
Kew  PhU.  Jonr.,  soon  after  von  WalterahauBen's  treatise  was  sent  to  the  Haarlem 
Society,  vii.  in  1861.  Taking  the  average  elevation  of  the  melting  point  of  Swiss 
^wienat  4400  feet,  and  the  height  of  Genera  as  1335  feet,  aboTe  the  sea,  Mr. 
feoBM  taJras  the  difference,  or  S)65  feet,  as  the  height  to  which  that  part  of 
Svitasrland,  woald  have  to  be  raised  to  cause  such  a  temperature  as  would  en- 
able the  flaoers  to  nach  Genera  without  melting. 
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The  inland  sea  which  at  the  commencement  of  the  elevation  of 
the  Alps  occupied  the  space  between  the  northern  flank  of  the  cham 
and  the  Jura,  and  covered  a  much  greater  breadth  between  Salzbuig 
and  liatisbon,  was  contracted  to  so  narrow  a  strait  near  Chambery, 
and  again  on  the  south  of  linz,  in  Upper  Austria,  as  to  render  it  a 
very  probable  hypothesis  that  a  comparatively  moderate  oecillation 
or  change  of  levels  would  close  as  it  were  the  sluices,  and  alter  the 
conditions  of  the  basin  from  a  marine  inlet  to  a  great  lake — from  a 
smaller  Baltic  to  a  Lake  Superior.  The  beds  of  the  Flysch,  charged 
in  places  with  fucoid  remains,  and  alternating  with  the  clearly 
Eocene  nummulitic  bands,  are  characteristic  of  the  shore  of  this 
ancient  arm  of  the  sea,  whilst  the  strata  deposited  in  brackish  water, 
described  by  Hecr  under  the  term  of  the  Aquitanian  itage*^  supply 
a  satisfactory  testimony  of  the  slow  secular  change  under  which  the 
marine  couditious  disappeared ;  and  a  vast  brackish  lagoon  formed 
the  intermediate  stage.  The  freshwater  deposits  which  followed, 
at  a  period  when,  as  M.  Heer  agrees,  the  level  of  the  lake  was  at 
no  great  height  above  the  sea,  would  belong  to  a  district  with  a 
mean  temperature  (at  sea-level)  of  10°- 62  R.  (55°*6  F.),  like  that  of 
Milan,  whilst  the  winter  will  have  been  that  of  Catania,  and  the 
summer  that  of  iSouth  Germany.  A  downward  movement  ensued, 
which  reopened  the  communication  with  the  Mediterranean ;  and 
the  vast  lapse  of  time  which  was  occupied  in  the  changes  of  level 
seems  to  be  exx)resscd  by  the  fact  that  the  marine  organisms  again 
migrated,  and  spread  themselves  with  the  abundance  of  a  full  de- 
velopment over  the  entire  region. 

The  renewed  blockade  of  the  straits  was  followed  by  the  destmc- 
tion  of  all  sea-life,  by  a  further  deposit  of  freshwater  strata  (the 
upper  Molasse),  and,  according  to  the  ^eory  under  review,  by  the  last 
great  elevation  of  the  Alps,  which,  lifting  the  entire  region,  as  the 
west  coast  of  South  America  has  been  raised  bodily  in  recent  times, 
transferred  the  lake  and  its  borders  by  slow  degrees  from  an  almost 
subtropical  climate  to  one  of  more  temperate  character  (as  witnessed 
by  the  lignite  or  slaty  coal  of  Utznach,  Diimten^  &c.),  then  to  a  colder 
one,  and  ultimately  to  one  of  boreal  rigour. 

If  we  consider  the  lakes  of  Switzerland  to  be  the  relics  of  this 
former  inland  sea,  their  basins  divided  from  one  another  and  modi- 
fied in  form  by  the  unequal  action  of  the  physical  forces  to  which 
they  have  been  subjected,  and  that  their  mean  height  above  the  sea 
is  1325  feet,  we  shall  have,  by  the  addition  of  S^61  feet,  or  the 
amonnt  by  which  it  has  been  ali^ady  calculated  that  the  north  aide  of 
the  Alps  had  been  uplifted,  a  total  height  of  4886  feet  as  the  eleva- 
tion of  its  waters  above  the  sea-levd. 

The  climate  of  the  great  Alpine  lake  and  its  banks  may  be  readily 
calcolated :  the  mean  annual  temperature  would  be  2^  B.,  or  36-5^  F., 
the  mean  temperature  of  the  hottest  month  5P*d  F.,  and  the  ooldest 
21^  F.;  and  whilst  this  would  show  a  dose  resemblance  to  the  cli- 
mate of  the  northern  part  of  Norway,  the  proximity  of  laige  bodies 
of  water  would  doubtless  cause  a  greater  atmospheric  precipitation 
*  Heer.  Urwelt  der  Sohweits,  pp.  275  tnd  282. 
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on  the  mountains  than  occurs  at  present  *,  and  would  thus  furnish 
an  additional  quota  to  the  hulk  of  the  glaciers. 

It  w&B  under  these  conditions,  with  glaciers  creeping  forth  from 
all  the  deep  valleys,  either  into  the  waters  or  over  the  surface  of 
ice  which,  coated  the  lake  during  a  long  winter,  that  erratic  frag- 
ments of  the  older  rocks,  entangled  in  or  supported  upon  icehergs 
and  floes,  were  drifted  across  to  the  opposite  shores,  and  there 
formed  the  long  lines  of  gravels  and  boulders,  and  effected  the 
scoring  and  polishing  of  the  rocks,  for  which  the  long  range  of  the 
Jura  has  attracted  in  so  groat  a  degree  the  attention  of  observers. 

The  Swiss  geologists,  and  among  them  Professor  Heer,  look  upon 
it  as  probable  that  there  have  been  two  Glacial  periods— one  before 
and  the  other  after  the  deposition  of  the  brown  coals  of  Wetzikon, 
Utmach,  &c.  This  alternation  of  conditions  may  be  explained  by 
oscillations  of  level,  such  as  have  been  observed  and  inferred  for 
other  districts  and  other  formations ;  but,  if  considered  indepen- 
dently of  the  amount  of  elevation  of  the  land,  it  would  need  the  hypo- 
thesis of  a  twice-repeated  decrease  and  increase  of  the  mean  annual 
temperature  by  above  12^°  F. — an  irregularity  inconsistent  with  the 
theory  of  terrestrial  heat. 

When  at  length  the  final  depression  of  the  district  began  to  take 
place,  Waltershausen  shows  grounds  for  inferring  that  it  was  by 
very  slow  degrees,  and  with  unequal  progress  of  subsidence,  whence 
he  agrees  with  Studer  that  the  present  lakes  mark  the  tracts  in 
which  the  variableness  of  the  movement  produced  the  deepest  hollows, 
and  argues  that  the  stone-heaps  {Steindcimme)  which  border  the 
lower  end  of  so  many  of  the  Swiss  lakes,  are  not  actual  moraines, 
but  consist  of  the  dnfted  blocks  and  debris  transported  by  the  later 
action  of  floating  ice-masses,  when  the  upland  lake  had,  in  the  course 
of  constant  depression,  been  reduced  to  within  these  narrow  limits. 

Turning  to  the  south  side  of  the  Alps,  it  is  shown  that  a  long 
marine  gulf  extended  from  Venice  and  Chioggia  to  the  foot  of  the 
maritime  Alps,  from  which  a  number  of  long  inlets,  or  fiords,  ex- 
tended northward  when  the  elevation  of  the  Alps  commenced.  If 
it  be  sought  to  explain  the  former  great  extension  of  the  glaciers 
along  the  valleys  on  this  side  of  the  chain  without  having  recourse 
to  a  general  elevation  of  land,  we  must  introduce  the  supposition  of 
a  decrease  of  the  annual  mean  temperature  by  about  10^  C.  (18°  F.), 
an  amount  which  cannot  be  expaincd  either  by  a  succession  of  cold 
years,  on  Charpentier's  hypothesis,  or  by  a  d^orent  distribution  of 
land  and  sea.  But  if  an  elevation  to  the  amount  of  about  4000  feet 
be  assumed  to  have  occurred,  the  phenomena  will  be  accounted  for, 
as  on  the  north  side  of  the  chain ;  and  the  subsequent  gradual  de- 
presflion  will  have  broken  up  still  further  into  isolated  basins  that 
district  of  lakes,  many  of  them  formerly  in  communication  with  each 
other,  which  may  be  regarded  as  the  remnant  of  the  ancient  Lom- 
baido- Venetian  gull 

I  mnst  not  attempt  to  follow  out  the  numerous  facts  observed  in 

*  The  cBosptional  eioeeds  the  STorage  rainfiJl  of  the  pieaent  day  in 
and  fay  about  10  per  eeiit. 
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Scandinavia  and  Iceland  from  \vhicli  Baron  Waltorshaosen  gathen 
confirmation  for  his  theory ;  but  from  these,  and  from  the  glada 
phenomena  described  for  various  tracts  throughout  EuropOy  h( 
concludes  that  the  total  area  to  which  they  refer  is  but  a  small  frac- 
tion, say  six  per  cent.,  of  the  whole  of  that  quarter  of  the  globe 
that  the  glaciers  were  never  more  than  local  streams,  due  chiefly  t< 
elevation  of  the  land,  and  that  the  effects  of  the  drift-ice,  or  beigi 
and  floes,  might  be  produced  by  a  moderately  reduced  mean  wiutei 
temperature,  and  require  for  their  explanation  no  general  rcductioi 
and  no  degree  of  cold  incompatible  with  Fourier's  theory  of  heat. 

Taken  in  a  general  sense,  these  views  gain  in  probability  whal 
they  lose  in  originality,  when  we  look  back  to  Mr.  Godwin- Austen's 
account  of  the  superficial  accumulations  of  our  south-western  coasts, 
and  find  him  stating  that  he  can  only  explain  the  facts  by  an  eUva- 
tion  of  great  amount,  such  as  would  place  the  whole  of  the  higher 
portions  of  this  country  in  regions  of  cvccssive  cold* — nay,  more,  that 
whilst  disbelieving  in  the  "  Glacial  period",  as  propounded  byAgassiz, 
he  would  infer  that  a  great  elevation  had  at  the  same  time  affected 
a  large  part  of  Europe,  and  that  the  Alps  must  at  one  time  have 
attained  an  altitude  equal  to  that  of  the  Himalayas. 

The  Society  will  not  have  forgotten  that,  in  liis  elaborate  and  phi- 
losophical paper  "  On  Changes  of  Climate,"  our  former  President,  Mr. 
Hopkins,  examined  at  some  length  the  hy])othesi8  of  producing  by 
local  elevation  of  the  land  a  great  degree  of  cold  to  account  for  the 
former  extension  of  glaciers  in  the  Alps  and  North  Wales.  He  was 
inclined  to  consider  it  untenable,  first,  on  account  of  his  estimate 
that  an  elevation  of  at  least  6000  feet  would  be  required  in  the  former, 
and  7000  or  8000  feet  in  the  latter  case ;  and  secondly,  because  "  all 
geological  experience  assures  us  that  no  such  mountain-range  exists 
without  numerous  dislocations  and  other  phenomena  of  Novation 
having  determinate  relations  to  the  elevated  tract."  After  a  careftd 
review  of  his  reasoning,  I  cannot  but  think  that  the  objections  to 
such  a  view  of  the  causation  of  a  glacial  temperature  are  in  great 
part  removed  by  the  detailed  comparison  of  observed  facts  made  by 
von  Waltershauscn  leading  to  the  requirement  of  no  excessive 
alteration  of  altitude ;  whilst,  on  the  second  score,  that  geologist 
must  indeed  be  extravagant  in  his  demands  for  evidence  of  mecha- 
nical action,  who  is  unsatisfied  with  the  '*  accidentation"  of  the  Alps, 
or  with  the  strange  medley  of  lines  of  fault,  dyke,  and  fold  so  won- 
derfully  exhibited  in  Prof.  Ramsay's  map  of  the  Snowdonian  oonntry. 
Nor  is  it  allowable  to  treat  the  question  as  if  the  elevation  of  the 
mass  of  land  in  these  districts,  with  its  subsequent  depression,  were 
a  new  kind  of  requirement,  when  for  many  years  past  we  have  been 
fiimiliarizod  with  the  proofs  of  the  upheaval  of  these  very  moun- 
tain-tracts to  considerable  altitadesy  and  at  periods  separated  by  no 
great  interval  from  that  under  discossion. 

Otology  of  Savoy. — Not  only  geologists,  bat  all  Alpine  touriati 
gifted  with  any  power  or  desire  dl  observation,  will  be  thankfbl  to 
M.  Alphonse  Favre  for  tlie  labour  of  love  which  he  has  juat  oom- 

*  Quart  Joum.  GeoL  Sec.  1851,  p.  190. 
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pleted  in  a  fall  account  of  Savoy  aud  the  adjoining  parts  of  Fied- 
mont  and  Switzerland*,  illustrated  by  an  atlas  of  plates,  which  unite 
in  an  nnusual  d^pree  the  truth  of  geological  sections  with  the  varied 
oatline  of  charming  picturesque  mountain-groups. 

The  conscientious  manner  in  which  our  eminent  Foreign  Correspon- 
dent has  explored  and  described  the  elevated  region  ranged  around  the 
towering  centre  of  Mont  Blanc  is  well  known  to  most  of  our  Fellows ; 
and  it  is  only  two  years  since  our  lamented  friend  Mr.  Hamilton, 
in  his  Presidential  Address,  took  occasion  to  follow  out  at  some 
length  one  of  the  most  interesting  of  M.  Favre's  chapters,  as  then 
published  in  the  Bulletin  of  the  Geological  Society  of  France,  viz. 
-Hiat  on  the  gradual  advance  of  observation  and  argument  which, 
after  the  lapse  of  many  years,  established  the  fact  of  the  presence  of 
the  carboniferoas  formation  in  the  Western  Alps.     A  largo  portion 
of  the  work  is,  indeed,  of  a  somewhat  historical  character,  since  the 
author,  whenever  he  approaches  a  subject  connected  with  puzzles  and 
tlieories  (and  how  many  of  them  hang  about  that  classic  region !), 
^eems  it  but  just  and  satisfactory  to  state  fairly  the  opinions  of  all 
prcTiooB  writers  on  the  same  topic,  and  adds  his  own  objections  and 
propositions  with  a  moderation  which  suits  the  character  of  a  philo- 
flopher  who  concedes  to  others  the  credit  of  having  done  their  best 
with  the  knowledge  that  was  open  to  them,  and  compares  without 
prejudice  their  views  with  the  phenomena  which  he  practically 
investigates. 

Thus,  in  his  discussion  of  the  cause  and  effects  of  the  ancient 
extension  of  the  glaciers,  we  are  supplied  with  a  review  of  all  the 
more  notable  hypotheses  connected  with  the  ice,  and  with  the  part 
sasigned  to  it  in  the  scooping  out  of  lakes.  He  combats,  as  we  have 
seen  for  years,  with  many  arguments  the  doctrine  of  Prof.  Eamsay, 
and  is  not  less  opposed  to  the  half-and-half  measure  of  De  Mortillct, 
who,  whilst  objecting  to  the  competency  of  glaciers  to  erode  solid 
rock,  claims  for  them  the  power  of  affouiUenient,  or  the  excavation 
of  all  the  accumulated  debris  which  he  considers  to  have  once  filled 
the  lake-basins.  M.  Favre,  noting  the  position  of  the  lakes  on  the 
fringe  of  the  higher  Alps,  and  along  a  line  where  physical  action  on 
a  grand  scale  has  dislocated,  contorted,  and  inverted  the  strata, 
connects  their  formation  with  the  structure  of  the  rock-masses  ad- 
joining, although  he  allows  that  the  direction  of  the  main  lines  of 
valley  has  doubtless  aided  in  the  determination  of  their  position, 
and  that  it  is  impossible  to  deny  that  the  valleys,  after  their  forma- 
taaOf  have  been  deared  out  (cUblaySes)  and  enlarged  by  currents 
and  glaciets. 

Among  the  most  interesting  of  his  chapters  are  those  on  the 
AigidUes  Rouges,  and  on  Mont  Blanc  itself,  with  a  review  of  the 
nnmerons  and  often  very  divergent  opinions  promulgated  by  succes- 
nre  geologists  who  have  examined  the  peculiar  structure  of  these 
masses*  Beginning  with  De  Saussure,  we  have  a  long  list  of  ob- 
•srvers  who  are  satisfied  that  the  crystalline  schists  on  tho  flanks  of 


gMogiqQM  dam  let  partiM  de  la  Savoie,  du  Pigment  et  de  la 

8ai«e  voiwiea  da  MontBlaiic.    3  toIs.  8tq,  with  an  Atlas.  Qeneva,  1807. 
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these  mountains,  as  well  as  the  granitic  rock,  tho  protoginCy  con- 
stituting the  central  part  of  tho  ridge,  are  actually  stratified ;  others 
consider  the  divisions  to  be  laminae  of  foliation ;  Mr.  Daniel  Sharps 
took  them  for  planes  of  cleavage.  All  except  the  latter  writer  were 
struck  with  the  fan-shaped  arrangement  of  the  laminar  masses,  a 
structure  which  is  reproduced  in  the  St.  Gotthard  and  other  nudei 
of  the  central  Alps,  as  well  as  in  the  eastern  continuation  of  the 
gre&t  chain.  The  sharp  needles  of  rock  which  lend  a  special  charm 
to  these  scenes,  and  were  strangely  imagined  by  De  Luc  to  have 
been  each  independently  thrust  up  from  the  interior  of  the  earth, 
are  but  the  narrow  ends  of  almost  vertical  tabular  masses,  which 
viewed  from  the  side  form  serrated  ridges,  but  seen  end-on  appear 
to  soar  OS  mere  isolated  points  to  the  sky. 

Close  alongside  of  some  of  the  most  marked  of  these,  M.  Favro 
has  traced  the  boundary  between  the  granite  and  the  crystalline 
schists ;  and  he  adheres  to  the  old  statement  which  has  provoked  so 
much  discussion,  that  tho  schists  thus  appear  to  underlie  the  granite, 
and  as  indubitably  to  overlie  the  beds  of  fossiliferous  secondaiy  lime- 
stone*. His  own  transverse  section  explanatory  of  the  facts  has 
been  before  the  public  for  some  years,  and  is  the  most  probable  that 
has  yet  appeared.  The  powerful  lateral  pressure  called  into  action 
by  tho  upheaval  and  depression  of  the  diain  has  produced  parallel 
lines  of  closo  flexure,  forming  a  narrow  and  steep  synclinal  trough 
under  the  valleys  on  the  north  and  south  of  tho  Mont-Blanc  mass, 
and  an  anticlinal  in  the  main  ridge.  As  the  elevation  continued, 
the  abutments  of  tho  central  arch  would  be  squeezed  closer  together, 
whilst  the  upper  portion  of  the  great  fold  of  strata  was  not  similarly 
supported,  and  would  thus  tend  to  bulge,  and  to  throw  the  beds 
which  were  at  first  the  lowermost  in  order  into  a  position  over- 
hanging what  were  the  upper.  Meanwhile  a  gigantic  denudation 
must  be  supposed  to  have  taken  place ;  and,  as  M.  Favre  is  fortified 
by  his  investigation  of  that  most  remarkable  outlier  of  lias  and 
Jurassic  strata  capping  the  loftiest  peak  of  the  Aiguilles  Rouges,  9660 
feet  above  the  sea,  the  speculation  hardly  seems  too  hazardous  that 
the  same  band  of  secondary  formations  at  one  time  completed  its 
loop  above  the  summit  of  the  whole  Mont-Blanc  range. 

If  a  similar  reasoning  be  allowed  to  hold  good  for  the  cretaceous 
and  nummulitic  beds,  of  which  there  is  every  probability  that  they 
at  one  time  covered  the  Aiguilles  Rouges,  and  have  been  snbse- 
quently  removed  by  denudation,  it  would  add  to  the  present  height 
of  Mont  Blanc  a  tiuckness  of  at  least  4100  feet  of  rook.  There 
would  thus  have  been  carried  away  by  denuding  agencies  from  the 
group  (massif)  of  Mont  Blano  alone,  and  since  the  comparatively 
recent  epoch  of  its  attaining  its  full  altitude,  about  100  cubio  miles 
of  solid  material. 

Composition  of  Crystalline  Bocks. — ^M.Favre's  frequent  ezcurmons 

*  ^Qm  reader  maj  be  referred  on  this  subject  to  Gen.  Foftlook's  Annivsriirj 
Address  to  the  Society,  in  1857,  giring  figures  of  the  rook-stnictore  and  of  the 
flsoaTation  carried  out  by  Mr.  Buskin  near  Chcmooni,  to  settle  what  appeared 
to  soma  to  be  a  doubtflil  question. 
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enabled  him  to  give  abundant  detail  on  the  characters  of  the 
Uino  central  range  of  the  Savoy  Alps.  The  time-honoured 
ene  is  fully  oonfirmcd  by  him  in  its  original  dignity  of  the 
prop  or  centre-piece  of  the  whole,  although,  since  the  studies 
Delesso,  it  is  allowed  that  it  belongs,  as  a  distinct  variety,  to 
Dup  of  the  granites.  It  consists  of  five  minerals,  viz.  quartz, 
laae,  oligoclase,  a  mica  with  iron-oxide  base,  and  talc,  and, 
■neral  rule,  appears  to  possess  a  more  truly  granitic  character 

central  parts  of  the  formation,  a  schistose  one  towards  the 
The  presence  of  this  second  felspar,  oligoclase,  in  these  great 

nuclei  is  a  point  of  great  interest  in  the  comparison  of  these 
ther  granite  rocks,  as  well  as  in  the  chemical  changes  and 
g;ration  to  which  its  composition  peculiarly  exposes  it.  As 
1  the  giaement  or  gcognostic  position  of  this  rock,  he  states  his 
1,  Ist^  that  it  is  stratified,  and,  2ndly,  that  it  never  penetrates 
form  of  veins  or  dykes  into  other  strata,  as  does  the  tine 
3,  -which  is  found,  although  rarely,  here  and  there  in  this 

district — moreover,  that  by  the  forms  in  which  it  weathers 

be  distinguished,  even  at  a  distance,  &om  the  granites,  and 
Ithough  formed  at  a  very  ancient  period  in  the  history  of  the 
it  luuf  only  made  its  appearance  at  the  surface  within  a  com- 
rely  recent  time. 

en  we  follow  him  into  the  domain  of  theory,  the  Geneva  pro- 
leads  us  into  a  misty  region  of  somewhat  audacious  specula- 
To  him  the  commonly  received  view  of  metamorphism  is  a 
Y  exaggerated  mysterious  process,  which  he  conceives  to  be 
Ly  incapable  of  having  formed  the  cr3'stalliiie  schists.  He 
9  us  back  rather  to  a  primeval  period,  when  he  supposes  the 

of  the  now  existing  surface  waters  to  be  floating  as  vapour  in 
;mosphcre,  and  to  exert  a  pressure  of  250  atmospheres.  Added 
B  he  infers  that  the  subtoiTanean  water  would  make  as  much 

and  woidd  thus  give  a  total  pressure  of  500  atmospheres.  The 
oic  acid  which  has  since  been  fixed  in  tlie  coal-beds  would  not 
S;reatly  to  the  weight  of  this  cmsliiiig  atmosphere  ;  but  the 
gas  which  has  been  locked  up  in  the  limestones  and  other 
nates  is  estimated  by  him  at  210  atmospheres  more,  and  would 
^Ye  a  grand  total  of  710  atmospheres  which  then  weighed  upon 
uiace  of  the  earth. 

ider  this  pressure,  at  which  water  would  only  boil  at  480°  C, 
8**  Fahr.,  and  when  the  temperature  of  the  crust  began  gradually 
mnishy  the  first  precipitations  and  erosions  would  form  a  sedi- 

which  would  be  highly  crystalline,  and  woidd  in  fact  produce 
Tftnites  and  protogenes.    Then,  as  the  pressure  and  temperature 

fbrther  decreased,  the  crystallization  would  be  less  marked, 
it  the  stratification  would  be  more  pronounced,  and  there  woidd 
iposited  SQcccssivoly  the  crystalline  schists  and,  at  length,  the 
dates.  As  for  the  original  rock  from  which  this  first  de^rada- 
iook  place,  it  would  be  lava ;  and  our  author,  overriding  the 
,  and  marked  diJSerences  between  the  t^vo  magmas  of  Durocher, 
uxziv,  / 
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or  the  baaic  and  the  acidic  orystallino  rocks,  founds  his  reasoning 
on  a  comparison  of  the  ultimate  composition  of  the  granites  with 
certain  lavas  of  Monte  Nuovo,  with  pumice  and  obsidian,  whilst  he 
conveniently  ignores  the  differences  of  composition  which  tell  against 
him.  The  simplification  of  the  history  of  the  earth  which  M.  Favre 
claims  as  the  merit  of  his  hypothesis,  will  not,  I  fear,  rescue  his  riews 
from  the  severe  onslaught  of  critics  who,  whether  they  belong  to 
the  Plutonic  or  to  the  Motamorphio  school,  will  be  slow  to  accept  a 
doctrine  based  on  an  unproved  intermingling  of  rock-substances 
essentially  different  in  mineral  constitution  as  well  as  ultimata 
composition. 

M.  Favre's  statements  on  the  pctrological  characters  of  the  central 
parts  of  the  Mont  Blanc  chain  recall  the  conclusions  arrived  at,  after 
a  long  series  of  analyses,  by  our  talented  associate  the  Bev.  Br. 
Haughton,  who  first,  as  I  believe,  discovered  oligoclase  to  be  an  in<* 
gredient  of  some  of  our  British  granites,  and  drew  an  interesting 
parallel  between  those  of  Donegal,  in  Ireland,  and  the  anal<^us 
rocks  of  Canada,  Sweden  and  Norway,  and  Mont  Blano.  With 
regard  more  particularly  to  Ireland,  I  am  indebted  to  Dr.  Haughton 
for  the  following  risumi  of  his  conclusions  on  this  class  of  rocks. 

The  granites  of  Ireland  are  divisible  into  three  distinct  groups  ;«*-* 

I.  The  granites  of  Lcinstcr. 

II.  The  granites  of  Moume  and  Carlingford. 
in.  The  granites  of  Donegal,  Mayo,  and  Qalway. 

I.  The  Qranites  of  Leinster, — These  granites  are,  geologically, 
newer  than  the  Lower  Silurian,  and  older  than  the  CarbonifiBroQS 
strata.  Mineralogically  they  are  identical  with  the  granites  of 
Cornwall  and  Devonshire.     They  are  composed  of : — 

1.  Quartz.  3.  Margarodite. 

2.  Orthoclase.  4.  Lepidomelane. 

They  are  therefore,  in  composition,  quaternary  granites ;  and  their 
paste  probably  contains  minerals  different  from  those  found  crystal- 
lized in  distinct  masses.  Like  the  Cornish  and  Devonshire  granites, 
they  are  oceasionally  traversed  by  mineral  lodes,  particularly  lead« 
lodes,  which  seem  to  have  been  formed  in  both  countries  at  the  same 
geological  epoch. 

II.  TJ^  Granites  of  Moume  and  Carlingford. — ^These  granites 
are,  geologically,  newer  than  the  Lower  Silurian  formation,  and 
also  newer  than  the  Carboniferous  Limestone,  which  has  altered 
them  into  remarkable  syenites  on  their  southern  and  western  flanks ; 
mineralogically,  they  are  composed  of : — 

1.  Quartz.  4.  White  mica  (margarodite  ?). 

2.  Orthoclase.        5.  Black  or  green  mica  (lepidomelane  ?). 

3.  Albite. 

They  ore,  therefore,  quinary  granites,  and  differ  from  all  granites 
hitherto  described  by  mineralogists  in  containing  aJbite.  These 
granites,  when  they  have  intruded  into  the  Carboniferous  Limestone 
on  their  southern  and  western  borders,  are  converted,  by  a  species 
of  endo-metamorphism,  into  syenites  of  different  kinds— more  espe- 
cially, near  Carlingford,  into  a  syenite  composed  of  angite  and 
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anortliite,  which  is  unique  as  to  its  composition  among  British 
pocks*. 

III.  I^  Oraniies  of  Donegal,  Mayo,  and  Oalway,  —  These 
gianites  are  identical  in  character  with  those  of  Scotland,  Norway, 
Sweden,  and  Finland,  and,  as  such,  resemble  the  granites  described 
hj  Rose  and  other  chemists.  They  differ  from  the  granites  I.  and 
IL  in  being  stratified  and  not  intrusive,  and  therefore  vary  con- 
siderably in  different  localities,  according  to  the  beds  from  which 
they  have  been  formed  by  metamorphic  action. 

Geologically  speaking,  they  may  be  regarded  as  belonging  to  the 
most  ancient  of  the  stratified  Scandinavian  rocks,  and  consequently 
as  much  older  than  either  the  Leinster  or  Moume  granites.  They 
are  not  yet  proved  to  be  of  an  age  corresponding  to  the  Laurentian 
rocks  of  America,  although  it  is  very  probable  that  they  arc  so. 
Their  mineralogical  constituents  are : — 

1.  Quartz.  4.  Margarodite. 

2.  Orthoclase.  5.  Lepidomelane, 

3.  Oligoclase. 

They  are,  therefore,  quinary  granites,  and  are  identical  with  the 
j^nuiitea  of  Sweden  and  Norway,  from  some  of  which  they  cannot 
be  distinguished,  either  by  the  eye  or  by  the  more  refined  tost  of 
chemical  analysis. 

They  differ  from  the  Laurentian  stratified  granites  in  not  con- 
taining either  labradorite  or  andesine ;  for  the  existence  of  such 
minerals  in  them  has  not  yet  been  proved,  though  often  guessed  at. 
Labradorite  is  found  in  abundance  in  the  stratified  granites  of 
£ggeroe,  in  Norway,  and  in  the  giieissose  granites  of  Labrador  and 
Canada,  but  has  not  yet  been  found  in  Ireland  or  in  Scotland  in 
rocks  of  the  true  granite  type. 

The  celebrated  hypersthene  and  labradorite  syenite  of  Scavig,  in 
8kye,  can  scarcely  be  regarded  as  part  of  the  granitic  series  of  rocks 
of  Scotland. 

In  the  discussion  of  the  mineralogical  composition  of  the  granites 
of  Ireland,  Dr.  Haughton  has  adhered  to  the  principle  that  we  are 
not  entitled  to  assume  in  any  rock  the  existence  of  any  mineral 
whose  independent  existence  in  that  rock  has  not  been  proved.  By 
a  strict  adherence  to  this  principle,  he  beheves  he  can  confidently 
state  that  the  results  he  has  obtained,  though  they  may  be  modified, 
cannot  be  refuted  by  further  investigations,  and  that  they  will  bear 
the  test  of  time. 

The  details  of  the  discussion  itself  belong  to  the  region  of  elimina- 
tion of  Tariables  among  simple  equations,  and  are  familiar  to  eveiy 
algebraist,  from  the  time  of  Bezout  to  the  present  day.  There  is 
no  originality  in  them,  he  adds,  except  such  as  belongs  to  the  subject 
to  wUeh  he  has  succeeded  in  applying  them. 

It  remains  to  be  home  out  by  further  observation  whether  the 
shore  diTisions  can  be  relied  on  in  a  larger  sense ;  but  from  what  I 
have  myself  seen  of  the  granitic  rocks  in  several  of  the  districts 

*  Br.  Hanghton's  isfcstintions  as  to  the  coropontion  and  origin  of  tbMS 
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above  named,  I  nm  inclined  to  think  that  a  really  metamorphic 
oripin  m.iy  with  much  probability  be  assigned  to  the  quLnaiy  com- 
pounds just  mentioned  for  north-western  Ireland  and  Norway,  as 
also  for  that  of  the  West^jm  Alps,  whilst  other  varieties  of  granite 
undoubtedly  occur  under  geological  conditions  so  dissimilar  as  to 
require  a  different  view  of  their  formation. 

The  various  associations  of  the  minerals  which  compose  the  igne- 
ous rocks  have  received  close  attention  in  a  work  which  has  just 
cmanatcKl  from  the  pen  of  our  laboiious  Foreign  Correspondent  Dr. 
F.  Senft*,  in  which  the  formation,  the  decompositions,  and  the  che- 
mical changes  of  mineml  substances  are  enumerated  with  a  fhlnesa 
of  illustration  which  cannot  but  bo  highly  useful  to  geological  in- 
quirers. His  chapter  on  the  family  of  the  felspars  is  especially 
welcome,  as  dLscussing  the  newer  views  which  have  been  brought 
forward  upon  a  group  of  mineral  species  so  important  to  the  geologist. 
Dr.  Gustav  Tschcnnak,  in  a  valuable  paper  read  to  the  Academy  of 
Sciences  at  Vienna,  in  1804t,  had  proposed  to  simplify  the  subject  by 
considering  that  there  exist  only  three  distinct  kinds  of  felspar,  vii. 
adularia,  or  the  potash-,  albite,  or  the  soda-,  and  anorthito,  or  the 
lime -felspar,  whilst  the  othei-s,  which  by  previous  authors  havo 
been  described  as  distinct  si>ecies,  aro  but  mixtures  of  tlie  above 
kinds.  Thus  most  of  the  o])ake  orthoclase  is,  according  to  him,  a 
compound  of  adularia  and  albite,  whilst  oligoclase  and  labradorite 
are,  similarly,  various  mixtures  of  albite  and  anorthite.  It  is  true 
enough  that  the  lamellar  alternations  of  orthoclase  and  albite  ob- 
servable in  the  ciyt^tals  from  several  localities,  the  coating  of  ortho- 
clivsc  with  a  rind  of  oligocljise  in  Finland,  and  the  relation  between 
the  composition  and  the  crvstalliue  foi-ms  of  the  several  species 
render  a  part  of  these  views  extremely  probable.  Dr.  Kammclsbei^, 
in  a  recent  I'eview  of  the  subject:J:,  is  satisfied  that  the  best  analyses 
prove  that  the  felspars  eontiining  lime  and  soda  together  aro  iso- 
morphous  compounds  of  pure  lime-felspar  (anorthite)  and  pure  soda- 
felspar  (albite),  the  isomoii)hism  of  which  as  a  whole  does  not 
depend  on  the  number  or  tlie  equivalence  of  the  elementary  atoms 
"which  compose  those  species.  He  liolds  that  this  reasoning  is  for  pre- 
ferable to  the  ^"iew  of  such  a  mineral  being  a  mixture  of  anorthite 
and  an  analogously  constituted  soda-compound,  a  soda-anorthitc, 
and  recognizes  also  mixtures  of  different  species  in  the  oblique  or 
monoclinic  felspar  containing  lime,  iron,  potash,  and  soda,  or  baryta. 
The  speculations  which  flow  from  such  a  view  of  the  juxtaposition  of 
these  mineral  species,  embracing  the  \i8ible  peculiarities  of  structure 
and  the  frequent  curious  changes  which  have  modified  the  grouping 
of  their  ingredients,  wiU  affect  more  deeply  than  we  had  expected 
the  reasoning  on  the  genetic  relations  of  the  crystalline  rocks. 

Many  of  the  topics  connected  with  the  foregoing  minerals,  and 
rock-structure  at  large,  are  examined  in  a  somewhat  novel  point  of 
view  by  Dr.  Vogelsang,  in  his  recent  work  on  the  Philofiophy  of 

*  Dio  kryBtalliniflchen  FeLigeineiigtheilc,  von  Dr.  Fordinand  Senft. 
186a  f  Poggendorflrs  Annalen.    Bd.  oxxri.  S.  39.    1865. 

}  Zcitflchrift  der  deutechen  gcol.  Geflolbchall,  1866. 
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Geology,  and  on  Microscopic  Studies  of  Kocks*.  Tho  volume  is, 
in  three  simple  words,  **  England's  Geologon  gewidmct,''  dedicated 
to  England's  geologists,  and,  after  a  first  division  dealing  with  tho 
auxiliary  sciences,  devotes  a  second  to  the  history  of  the  develop- 
ment of  geology,  in  which  our  British  chiefs  in  geological  theory 
play  a  very  prominent  part.  His  review  of  the  series  of  leading 
anthers  and  philosophers,  from  the  time  of  George  Agricola  to  our  own 
day,  is  couched  in  a  hright  and  vivacious  style ;  and  an  unusual  ori- 
ginality and  independence  of  judgment  are  sho^vn  in  tho  varioas 
degrees  of  merit  allotted  to  the  great  names  of  the  science.  Tho 
third  division  of  the  hook  opens  with  the  newer  phases  of  geology, 
and,  ascribing  to  our  valued  associate  Mr.  H.  C.  Sorby  the  fidl 
credit  of  introducing  so  important  a  step  in  tho  development  of 
petrography,  enters  upon  tho  microscopical  examination  of  a  series 
of  sliced  rock-substances,  selected  in  a  great  measure  for  their  rela- 
tion to  various  moot  points  in  theory. 

In  opposition  to  certain  recent  observers  who  assert  that  by  tho 
aid  of  the  microscope  they  have  been  able  to  resolve  the  whole  of  a 
porphyry,  including  its  "paste"  (Grumlmasse),  into  a  conpound 
of  recognizable  crystals,  Dr.  Vogelsang  insists  that,  just  as  nebulous 
matter  in  the  heavens  has  i)roved  irresolvable  under  the  highest 
power  of  the  most  powerful  telescopes,  so  the  piistc  of  a  great  number 
of  the  porphyries  is  a  decidedly  uncrystallized  mass,  and,  further, 
that  the  form  of  the  cavities,  and  the  position  of  the  minute  crystals 
or  mieroUUs  contained  in  it,  testify  to  tho  mechanical  action  of  tho 
movement  of  a  more  or  less  liquid  substance. 

Whilst  agreeing  with  Mr.  Sorby  in  the  facts  of  observations  upon 
the  fluid-cavities  or  water-pores  contained  in  the  quai'tz  of  quartzi- 
feroos  silicate  rocks,  ho  draws  a  difierent  deduction  from  their 
presence.  It  will  be  recollected  that  these  microscopic  cavities  are 
only  partially  filled  with  li(]uid,  and  that,  from  the  relative  size  of 
the  bubble,  Mr.  Sorby  suggested  that  conclusions  mignt  be  drawn 
as  to  the  temperature  at  which  the  mass  had  solidified.  Dr.  Vogel- 
sang finds  that  tho  ratio  of  the  bubble  to  tho  cavity  is  not  constant 
in  the  same  rock,  or  even  in  the  same  cr}'stals,  and  holds  that  tho 
flnid  has  been  introduced  by  secondary  action  into  the  cavities. 
Mr.  Sorby,  in  his  original  paper,  read  before  the  Society  in  December 
1857,  bad  not  omitted  to  discuss  this  alternative,  esx)ecially  with 
reference  to  tho  fluid- cavities  in  the  nephelino  of  Monto  Somma, 
and  in  the  quartz  of  granite  and  elvan  ;  and  he  then  alleged  such 
good  reasons  for  doubting  any  other  explanation  than  that  of  tho 
fluid  having  been  enclosed  at  ihe  timo  of  forma l*ion  of  the  mireral, 
that  we  shall  need  further  evidence  to  lend  support  to  an  opjwTite 
view.  The  issue  of  tho  question  will  awake  much  interest  when  it 
IB  recollected  how  ingeniously  Mr.  Sorby  deduced  from  his  micro- 
scopic vacuities,  among  other  things,  the  inference  that  the  granites 
of  Cornwall  and  Aberdeen  were  consolidated  under  pressures  varying 
from  50,000  to  78,000  feet  of  rock. 

*  FhikMophie  der  Oeologie  und  milronkopischo  QesteiDSBtudien,  von  Dr.  H. 
Togdiiuig,  mbmor  xa  Delft.    Bonn,  1867. 
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Another  investigation,  of  great  interest,  ia  that  of  the  quartzife- 
rous  porphyries  as  compared  with  recent  quartziferous  eruptive  rocks. 
The  analogy  of  the  microscopic  structure  of  the  two  series  is  said  to 
be  complete,  admitting  that  in  the  older  one  a  molecular  change 
has  taken  i)lace.  The  newer  volcanic  rocks  of  trachytic  character, 
including  those  of  Java,  of  Cumpiglia,  the  Euganean  Kills,  and  the 
rhy elites  of  Huiigaiy,  exhibit  in  their  imbedded  grains  or  crystals 
of  quartz  numerous  glass-cavities,  testifying  to  the  once  fluid  condi- 
tion of  the  magma  from  which  they  were  enclosed,  whilst  the  older 
porphyries  arc  frequently  found  to  contain,  in  port,  similar  glass- 
cavities,  and  in  part,  or  sometimes  exclusively,  cavities  filled  more 
or  less  with  fluid.  The  Delft  Pi-ofessor  infers  that,  in  these  latter 
hollows,  the  ghissy  material  has  been  in  process  of  time  decomposed 
and  dissolved  out  by  the  percolation  of  water,  and  that  the  porphy- 
ries were  solidifled  from  a  similarly  fused  magma,  although  even 
this  paste  may  have  been  modifled  from  the  glassy  condition  by 
slow  molecular  change. 

That  the  mineral  olivine  plays  a  part  in  the  augntic  rocks  analo- 
gous to  that  of  quartz  in  the  porphyries  is  confirmed  by  oxamina- 
tion  of  specimens  (figured  in  the  series  of  ten  beautiful  plates) 
from  Vesuvius  and  the  Siebengebirge ;  and  their  numerous  glass- 
cavities  point  to  a  similar  genetic  origin. 

•  The  novel  and  elegant  researches  of  the  geological  microsoopists 
form  a  valuable  set  ofl-as  against  tho  dicta  of  some  of  the  bolder 
cxporimcntalists  who  would  deny  to  nature  the  power  of  doing  more 
than  they  can  tlicmsdves  accomplish  in  their  laboratories,  and  who, 
protesting  against  the  possibility  of  sundry  crystallized  minerals  being 
l)n)dui;od  by  fusion,  are  driven  to  wild  and  arbitrary  inventions  to 
aceount  for  what  we  see  in  the  Tertiary  and  modern  lavas. 

When  u  sedimentary  origin  is  gravely  j»roposed  for  basalts  and 
elvan  poq)hyries,  giH)logists  know  far  too  well  the  incompatibility  of 
observed  facts  with  such  a  proposition  to  be  shaken  in  their  previous 
eonnctions ;  but  un  examination  of  tho  micro8CO|)ic  enclosures  of 
the  pint < mi 0  rocks  further  cimfirms  the  concliLsions  of  those  ob- 
seiTers  who  have  examined  the  seats  of  modem  volcanic  action. 

Not  only  may  wo  cile,  with  hill  assurance,  a  list  of  mincroli 
produced  in  a  crystallized  condition  from  a  melted  mass,  certain 
kinds  associatt^d  with  certain  other  kinds  in  wondcrhil  family  like- 
ness of  grouping,  at  points  of  eruption  widely  distributed  over  the 
globe,  but  even  tho  higher  temperature  required  for  sublimatioii 
may  with  confidence  be  occasionally  called  in  to  explain  the  pre- 
sence of  some  of  the  crptallized  mineral  species.  Tho  origin,  oi*  the 
countless  crystals  of  specular  iron  (oligist)  sparkling  around  a  orater 
or  in  tho  hocca  of  a  lateral  eruption,  can  be  ascribed  to  nothing  else 
than  tho  sublimation  of  tho  metal  as  a  chloride;  and,  recently, 
that  high  authority  Gustav  Rose  has  shown  that  ciystals  of  augite 
have  been  formed  by  a  similar  process.  Hcrr  von  Kath  discoYered 
in  the  irregular  fissures  of  a  cinder  cone  (the  great  £iteikoi»f^  near 
Andemach)  crystals  of  speoular  iron  dotted  with  minute  jdlow 
crystals,  which  proved  to  be  angite ;  and  the  condmioii  drawn  £ram 
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their  assodation  was,  that  these  latter  had  also  been  formed  by  the 
tablimatioii  and  subsequent  oxidation  of  chlorine  combinations.  It 
iiy  perhaps,  still  doubtful  whether  we  may  conclude,  with  the  emi- 
nent Berlin  Professor,  that  this  discovery  rehabilitates  the  sugges- 
tion of  Scocchi,  who  ascribed,  years  ago,  t^o  fine  crystalliEation  of 
numerous  silicates  of  the  Vesuvian  lavas,  such  as  melanite,  sodalite, 
^mblende,  felspar,  &c.,  to  sublimation. 

Subterranean   Temperature. — In  connexion  with  the  change  of 
look  maflses  by  metamorphic  action,  and  with  the  phenomena  of  vol- 
canic forces,  we  are  constantly  reminded  of  the  internal  tompera- 
tore  of  the  globe,  and  find  it  difficult  to  establish  any  clear  view 
of  tho  causation  of  either  one  or  the  other  without  being  first  satis- 
fied of  the  reality  and  amount  of  this  internal  heat.     Confessedly 
there  are  many  difficulties  in  the  way  of  a  sufficient  ^owledge  <^ 
the  character  of  the  interior  of  the  earth,  even  to  a  moderate  depth ; 
bat    surely  among  the  main  fieuits  upon  which  we  may  depend  is 
that  of  an  increase  of  temperature  with  increasing  depth.     Such  is, 
liowever,  the  desire  on  the  part  of  certain  writers  to  launch  their 
own  novelties  and  to  upset  the  old  landmarks,  that  one  has  seen 
thiB  position  of  late  altogether  questioned,  or  an  explanation  of  the 
increased  heat  proposed  in  the  compression  of  the  air,  the  friction 
caused  by  the  working  of  mines,  and  in  the  warmth  of  men,  the 
burning  of  candles,  gunpowder,  <Src.   All  these  are  doubtless  efficient 
causes,  and  in  inquiries  pretending  to  accuracy  must  be  either 
aToided  or  eliminated ;  but  they  have  long  since  been  shown  to  bo 
inadequate  to  produce  the  results  obtained*. 

Although,  as  I  believe,  all  actual  observers  are  agreed  upon  the 
main  point  at  issue,  it  is  very  true  that  a  great  uncertainty  pre- 
vails as  to  the  rate  of  elevation  of  temperature  met  with  in  descend- 
ing, whether  it  be  according  to  a  regular   scale  of  progression, 
increasii^  directly  with  the  depth,  or  be  intermittent,  as  main- 
tained long  ago  by  Mr.  R.  W.  Fox — whether  it  increases  below  a 
certain  horieon  in  a  less  rapid  ratio,  and,  after  reaching  a  given  depth, 
again  more  rapidly — and  how  much  it  may  vary  in  the  different 
daases  of  material  which  make  up  the  crust  of  the  earth.     These 
data  we  doubtless  ought  to  be  able  to  obtain  from  multiplied  care- 
ful observations ;  but  the  more  remote  question,  viz,  the  cause  of 
such  increase,  is  far  more  difficult  of  solution,  and  yet  need  not 
pethape  for  ever  baffle  the  inquiries  of  man.     A  further  and  grow- 
ing reflBon  for  inquiry  into  this  subject  exists  in  its  bearing  ui)on 
deep-mining  operations ;  and  through  some  of  these,  completed  of 
late  years,  wo  obtain  valuable  confirmation  of  the  principal  facts 
on  whidi  most  geologists  have  long  been  inclined  to  rely. 

Among  aaenrate  researches  into  the  temperature  of  the  earth  at 
gnat  depths,  those  of  M.  Walferdin  (published  in  the  Comptes 
Sendos)  tan  well  deserving  of  attention,  carried  out  as  they  were 
in  a  bore-licrfe  de^er  tlian  any  which  had  previously  been  executed. 
The  masave  and  yet  contorted  principal  seam  of  coal  at  Creusot 
*  See  tlie  mailefiT  mmj  of  Cordier,  ia  the  M^m.  de  rinsdtut,  torn.  Tii.,  and 
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(Saone-et -Loire)  being  thrown  down  by  a  dislocation  on  the  east, 
which  brought  the  strata  of  tho  Trias  against  the  cool-measures, 
M.  Schneider,  the  director  of  that  great  establishment,  called  in  tho 
aid  of  the  eminent  bore-master  Herr  Kind  :  and  at  the  time  of  tho 
experiments  (in  1^50)  one  bore-hole,  that  of  Tony,  had  reached  the 
depth  of  595  metres  (1951  feet),  and  had  been  suspended;  wnilst 
another,  that  of  Mouillelonge,  was  already  down  SIG  metres 
(2070  feet),  and  was  destined  to  be  much  deeper. 

Mouillelonge  is  not  quite  two  miles  from  Creuzot,  and  321  metres 
(1052  feet)  above  the  h'vel  of  the  sea.  The  bore-hole  was  0"*30 
in  diameter  at  tht'  lop,  and  0™-2(J  at  the  bottom.  At  371  metres 
(1216  feet)  it  passed  Irom  the  N<  w  Ked  8andstone  into  the  Coal- 
measures,  wliich  consist  there  of  alternations  of  blackish  shales  and 
pink  sandstones. 

The  work  was  temporarily  stopped  on  the  10th  May  18r>0,  at 
11  A.M.  ;'and  in  order  to  guard  against  eiTor  from  tho  heat  gene- 
rated by  the  percussion  of  the  boring -imp]  em  cuts  a  considerable 
time  was  allowed  to  elapse,  and  the  slime  in  the  lower  jiart  of  the 
bore-hole  was,  by  means  of  lowering  and  rai.sing  the  "  Kludger,'\well 
stirred  up  into  the  water  over  it ;  a  first  experiment  was  made  after 
80  hours,  and  the  thermometers  were  lowered  for  1 0  hours.  A  second 
experiment,  commenced  1 02  houi  s  after  the  cessation  of  the  work, 
and  in  which  the  thermometer  remained  at  the  bottom  for  IG^  hours, 
gave  a  very  slightly  different  result,  viz.  38°-31  (100°-9  P.). 

The  other  bore-hc»le,  at  Torcy,  is  310  metres  (101 G  feet)  above 
the  sea.  It  had  been  so  long  abandoned  that  no  error  firom  the 
friction  of  working  was  to  be  apprehended  ;  and  as  the  lower  part  had 
fallen  in,  the  experiment  was  made  at  554  metres  (1817  feet). 
The  result  was  here  27°*23  (81°  F.),  and  on  a  second  occafiion,  ten 
davs  afterwards,  27°-22  C. 

The  boring,  then,  at  !M!ouillelonge,  compared  with  that  of  Torcy, 
gives  for  a  difference  of  depth  of  262  metres  an  increase  of  tempera- 
ture of  ll°-09  (19°-9  F.),  or  one  degree  Centigrade^for  13'6  metres 
(one  degree  F.  for  43*1  feet.) 

Tho  rate  of  increase  from  tho  surface  downwards,  tho  mean  tem- 
perature of  Torcy  being  estimated  at  9^-2  (48°-5  F.),i8 18°-02  for  554 
metres,  or  one  degree  for  30*7  metres  (one  degree  F.  for  56  feet). 

These  results  would  appear  to  give  a  more  rapid  ratio  of  increase 
between  550  and  800  metres  than  between  the  surface  and  550 ; 
and  it  remained  a  question  whether  the  effects  of  percussion  in  tho 
deeper  bore-hole  had  been  entirely  eliminated. 

I  regret  not  to  have  been  able  to  find  that  M.  Walferdin  con- 
tinued his  obscr\'ations  after  tho  depth  of  tho  bore-hole  bad  been 
increased.  That  undertaking  was,  in  fact,  fruitlessly  continued 
until  it  had  obtained  a  total  depth  of  920  metres,  or  3017  feet 
English ;  and  the  impression  among  tho  local  Engineers,  when  I 
vinted  Creuzot  in  180(>,  was,  that  tho  increment  had  remained  much 
the  same,  t.  e,  one  degree  Centigrade  to  30  metres. 

By  way  of  comparison,  wo  may  be  reminded  of  the  elaborate 
series  of  observations  conducted  in  our  deepest  Engliah  ooal-shaft, 
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at  Dukinfield,  by  Mr.  Fairbaim*,  and  whence  he  calculated  that 
from  231  yards  to  685  yards  deep,  or  693  feet  to  2055  feet,  the 
bottom  of  the  shaft,  the  increase  was  such  as  to  give  one  degree 
F.  for  76-8  feet.  At  this  rate,  the  temperature  of  boiling  water 
will  be  reached  at  the  depth  of  2J^  mOes  from  the  surface,  whilst  by 
the  French  experiment  it  would  occur  at  about  1 1  mile. 

The  coal-miners  of  Belgium,  in  the  exploration  of  their  narrow 
and  highly  contorted  coal-field,  have,  within  the  last  few  years, 
sunk  some  of  their  pits,  espedallj  in  the  neighbourhood  of  Charleroi, 
to  depths  which,  in  several  instances,  exceed  the  workings  of  any 
other  port  of  the  world. 

I  am  indebted  to  the  kindness  of  M.  Jules  Gemaert,  the  efficient 
Inspector-in-Chief  under  the  Belgian  Government,  for  observations 
recently  made  in  some  of  these  collieries.  The  recorded  temperatures, 
it  will  be  seen,  are  those  of  the  air  in  various  portions  of  the  exca- 
vations ;  and  some  allowance  may  therefore  be  made  in  those  parts 
where  the  warmth  is  increased  by  the  presence  of  men  ;  whilst  the 
down-draught  of  the  ventilating  current  will  be  observed  to  cool,  in 
a  great  degree,  the  neighbourhood  of  the  pit. 


Colliery  of  Grand  Mambourg,  at  Montigny. 

Temperature. 

Cent. 

Fahr. 

Pit  Resolu. — Temperature  at  eurface,  Dec.  6,  1867    

At  the  depth  of  665  metres,  2180  feet 

0'''2 

10  00 

11  00 
15-00 
20-00 
23-00 

22-50 

50** 

51-8 

59 

68 

73-4 

72-5 

At  the  end  of  40  metres  of  stone  drift 

In  a  level  150  metres  lonfir.  in  the  seam    

At  the  coal- face,  320  yards  from,  pit 

In  the  holing  at  the  lace 

At  bottom  of  upcast  pit,  586  metres,  or  1922  feet 
deep 

r  

If  we  take  the  mean  annual  temperature  of  the  district  at  10^-6  C, 
or  61®  F.,  it  is  clear  that,  the  observations  being  made  when  the 
thermometer  at  the  surface  was  almost  at  freezing-point,  the  tempe- 
rature of  all  the  workings  up  to  the  face  of  the  coal  was  considerably 
reduced  by  the  coldness  of  the  in-taken  air;  and  the  rate  of  increase 
due  to  the  depth  can  hence  only  be  roughly  estimated  at  one  de- 
gree F.  for  from  88  to  117  feet. 


Colliery  of  Bonne  Esp^rancc,  Montigny. 

Temperature. 

Cent. 

Fnhr. 

PU  Si,  AmguHa^  Dec.  7, 1867. — Surface-temperature    ... 
At  depth  of  675  metres,  or  1886  feet- 

0* 

9-50 
11-50 
19-00 
21   00 

18-00 

32'' 

49 

52-7 

66-2 

69-8 

64-4 

At  end  of  a  sallery  60  vards  loner 

At  a  coal-face,  380  vards  from  pit 

In  waggon-way,  benind  a  door 

At  tt  working  to  which  the  air  had  travelled  930 
Tarda    

^           *••■ *^■•■ 

*  Biitiih  Auociation  Bcports  1861,  p.  65. 
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Colliery  of  the  Poirier,  Montigny. 

Temperature. 

Cent.    1    Fahr. 

PiU  St.  Andr4  and  St.  Louis,  Dec.  10,  1807.     Surfartv 

temperature 

At  depth  of  (J72  metres,  or  22-2  76  ftvt 

In  a  stone-drift,  240  yards  f n»m  St.  Andn'  pit 

In  a  rise-incline  in  the  seam 

0=^ 
1& 

22-50 
24-50 
20-00 

3r 

67-2 
72  5 
76 

Botum  air  at  bottom  of  St.  Louis  pit  

68 

Collierr  of  The?son. 


Temperature. 


Cent. 


Fahr. 


Temperature  at  Burfaco  S'SO       38**-30 

Atdepthof  70 1  metres,  or  2301)  fei^-t    14  00       57-2 


In  the  return  air '    22*00   '    71  6 


Colliery  of  Sacreu-Madame,  at  Pampreny. 


Temperature. 


Cent. 


Pit    Fond    du    Pigc. — Temi)eratiirc    at    surface,    Dec. 

18G7 ,r-50 

At  depth  of  562  metres,  or  IS  13  feet    8*50 

At  depth  of  602  metres,  or  iy74  feet 9  50 

At  bottom  of  up-cast  shaft 17  *00 

Sn^ine'shajt. 

At  depth  of  424  metres,  or  1390  fwt    '  7-00 

At  depth  of  634  metres,  or  2070  10-50 

At  bottom  of  up-east  shaft I  22  '00 


Fahr. 


3S*'3 
47  -3 
49  1 
62-6 

44-6 
50-9 
71  "6 


1      Temi)eratiire. 

Cent.    (    Fahr. 

Atdepthof  1064  metres,  or  3189  feet  English   1   26--0O  i   78**-8 

This  latter  observation  is  interesting,  as  taken  at  the  dcepesi 
point  to  which  man  has  yet  penetrated  in  the  crust  of  the  earth  j 
but  its  correctness  is  doubted  by  M.  Gemaert ;  and  even  if  accepted, 
it  can  only  be  held,  along  with  the  others  above  recorded,  to  veii^ 
the  general  conclusion  of  the  rapid  rate  at  which  an  in-going  cur- 
rent of  cold  air  is  heated  by  contact  with  the  rock  suifiaces.  The 
result  is  satisfactory  in  a  technical  point  of  view,  as  showing  the 
moderate  temperature  which,  by  means  of  active  ventilation^  may 
be  made  to  pervade  the  deep  workings ;  but,  for  scientific  deduo- 
tioDB,  we  must  await  the  series  of  observations  which  M.  Gemaert 
proposes  to  cany  out  through  difierent  aeasoiiB  of  die  year. 
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It  is  scarcely  needful  to  remind  the  Fellows  of  this  Society  that 
we  are  in  possession  of  valuable  tables  of  subterranean  tempera- 
tures observed  in  the  mines  of  Cornwall  by  our  associates  Mr.  R. 
W.  Fox  and  Mr.  W.  J.  Hen  wood,  and  that  these  gentlemen,  with  other 
careful  observers  of  the  same  class  of  phenomena,  have  taken  their 
measurements  either  from  the  water  issuing  from  unbroken  portions 
of  the  rock,  or  from  the  rock  itself,  as  tested  by  a  thermometer 
buried  in  a  bore-hole  for  at  least  some  hours.  The  air  of  the  exca- 
vations is  necessarily  apt  to  be  affected  by  the  causes  above  referred 
to,  as  well  as  by  the  heat  generated  by  the  men,  candles,  &c. ;  but 
even  observations  on  the  air,  besides  being  interesting  with  refer- 
ence to  the  condition  of  the  work-people,  exhibit  clearly  enough  the 
remarkable  progression  of  temperature  in  depth,  as  well  as  another 
fact  destined  to  be  very  important  in  the  working  of  our  deep  mines, 
viz.  the  gradual  efTect  of  the  ventilating  currents  in  cooling  the  sur- 
fiEu^es  of  rock  which  affect  the  air.  Amid  the  other  objects  of  my 
frequent  underground  journeys,  I  have  often  been  led  to  note,  with 
some  care,  the  observed  temperature  of  particular  points  at  succes- 
uve  depths,  and,  in  many  cases,  in  successive  years ;  and  the  fol- 
lowing extracts  may  interest  some  of  our  Members  by  aiding  in  the 
coniinnation  of  the  above  two  propositions. 

I  therefore  venture  to  give  the  following  tables,  as  showing  the 
temperature  of  the  air  in  several  of  our  deei)est  mines,  which  have 
mifortunately  within  these  last  few  years  been  abandoned  to  the 
waters : — 


Depth. 

Holmbush  Copper-mine,  Callington,  Cornwall. 

In 
fathoms. 

In 
feet. 

ICth  Oct.  1857. 

2nd  Sept.  1861. 

100 
124 

132 

160 

175 

600 
744 

90O 
1050 

Surface — 
At  10.30  A.M C6°-5 

66° 

Inclined  shaft...     72 

• 

In  inclined  shaft    76 

East  end   84 

Do.  in  rise 88 

Do.  at  shaft  82 

West  end  86 

At  Wall's,  weitem end...  70 

Water  atdo 77 

Southcrosscut 78 

End  of  level,  west  83 

Pitch  in  the  lead  lode...  84 

West  end 84 

•••*•.••••.■••••..••••..*••.*•••••••••* 
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So\iih  Hoo  Lead-mine^  near  CaJlington, 

Surface,  30tii  October  1803,  at  9.30  a.m 50'* 

215  fathoraa  level,  in  south  end  of  lode  79 

22ti        do.  out  of  the  air-current 83 

237        do.  behind  a  pile  of  stuff,  in  end 92 

250        do.  out  of  air-current  88*5 

The  above  ore,  in  all  the  deeper  levels,  maximum  temperatures, 
increased  beyond  the  normal  by  want  of  adequate  ventilation. 

Fowey  Consols  Copper-mine^  East  ComwaJl, 

Surface  at  11  A.M.,  October  1866 61° 

140  fathoms  lerel,  on  footway  lode,  far  from  air-current  86 

240  fathoms  level,  water  in  crosA  course 96 

270         do.  end  near  Bothall's  shaft   88 

280*       do.  do 89 

In  the  latter  inspection  I  was  accompanied  by  Mr.  Kendall,  M.P., 
F.G.S. ;  and  we  found  that,  whilst  the  remainder  of  the  workings  were 
considerably  cooled  down  in  the  series  of  years  since  they  were  first 
laid  open,  the  above  points  showed  exceptionally  high  temperatures, 
and  the  water  in  the  cross  course  at  the  240  fathoms  level  was  so 
much  hotter  than  it  ought,  from  mere  depth,  to  be,  that  it  might  he 
regarded  as  a  thermal  spring. 

Lastly,  a  remarkable  instance  is  offered  by  the  great  tin-mine 
Wheal  Vor,  near  Helston,  whore,  leaving  (30th  September  1858)  a 
midday  temperature  of  67°  at  surface,  I  descended  to  the  bottom 
immediately  after  the  water  (which  had  occupied  it  for  many  years) 
had  been  extracted,  and  found,  at  284  fathoms  depth  &om  adit,  or  311 
fiftthoms  from  surface,  the  air  and  the  water  issuing  from  the  rock 
both  at  80°  Fahr.  The  ruinous  expense  which  beset  the  resumption 
of  this  old  work  occasioned  its  very  soon  being  again  closed ;  but  it 
was  curious  and  somewhat  unexpected  to  find  the  temperature  no 
higher  at  the  284  fathoms  level  than  it  was  recorded  at  240  fathoms 
twenty  years  before  by  Mr.  W.  J.  Henwood ;  and  the  explanation 
is  probably  to  be  found  in  the  sea  of  surface-water  which  had  for  a 
long  time  before  my  visit  occupied  the  excavations  as  well  as  the 
joints  and  fissures  of  the  rock  around  them,  and  was  still  pouring 
down  on  all  sides  of  the  great  open  stopes  of  the  bottom  of  the  mine. 
Observations  made  a  few  months  afterwards  by  Capt.  Prancis,  and 
published  by  Mr.  Henwood,  state  that  different  parts  of  the  same 
deep  level  then  showed  temperatures  of  from  82°  to  90°.  It  was  quite 
evident  that,  as  usual,  what  was  at  one  time  the  bottom  of  the  mine, 
had  become  cooler  when,  after  a  series  of  years,  other  workings  had 
been  opened  beneath  it ;  but,  as  Mr.  Henwood  insists,  the  same 
locality  still  maintained  a  higher  temperature  than  the  mean  of  the 
shallower  parts  of  the  mine.  And  I  am  inclined  to  think  that  the 
actual  bottom  at  the  time  of  my  visit  may  have  suffered  refrigeration 
by  the  rock  parting  with  its  heat  to  the  currents  of  cold  water 

*  To  gire  the  absolute  depth  from  surface  at  the  shaft,  40  fathoms  may  be 
idded  to  the  nominal  d^tti  of  eadi  lerel,  the  adit  being  at  that  depth  from  the 
month  of  the  dyift 
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which,  whilst  the  wbolo  excavation  was  drowned,  would  naturally 
descend  to  its  deepest  i)art3. 

To  resume.  A  number  of  anomalies  and  irregularitieii  obtrude 
themselves  among  the  eflects  of  the  terrestrial  temperature  which, 
although  they  throw  no  sort  of  doubt  upon  the  doctrine  of  it*  pro- 
gressive increase,  by  no  means  tally  with  the  deductions  of  theory 
and  phyaical  experiments.  Our  lamented  former  President,  Mr. 
Hopkins,  established,  by  direct  experiment,  the  fact  of  certain  rock- 
subbt.'iiicos,  such  a-j  the  denser  limestones,  granites,  and  syenites, 
having  a  conducting-power  (for  heat)  of  twice,  thrice,  or  four  times 
that  j>ossossed  by  the  less  dense  materials,  chalk,  clay,  and  sand- 
stone, nnd  that  the  conduction  of  heat  is  very  sensibly  affected, 
although  not  to  any  great  amount,  by  discontinuity  in  the  conduct- 
ing mass.  From  these  data  theory  would  infer  that,  if  the  eon- 
duct  ivo  power  of  a  certain  rock  be  double  that  of  another,  the  in- 
cix»ase  of  depth  con'e*i])onding  to  a  given  increase  of  heat  would  in 
the  fonner  case  be  double  of  what  it  is  in  the  latter.  Hence  in  fact 
Hoi)kins  himself  admitted  that,  the  conductive  power  of  the  strata 
of  the  Paris  basin  being  only  about  half  that  of  the  Coal-measures, 
the  rate  of  increase  of  temperature  in  the  Artesian  well  of  Grenelle 
ought,  according  to  his  theor}',  to  be  nearly  t\\  ice  that  of  the  pit  of 
Pukinfield  in  Clieshiro,  whereas,  from  the  observations  made  at 
that  time,  down  to  the  depth  of  IWM  feet,  the  disparity  in  the  two 
cases  a])peared  to  bo  very  slight.  The  further  prosecution  of  the 
shaft,  however,  gave  a  neartT  approximation  to  the  theoretical  result, 
in  showing  70*8  feet  to  1°  Fahr.  as  against  GO  feet  at  Crenelle*. 

It  cannot  but  be  admitted  that,  however  much  the  observations 
made  by  the  small  cohort  of  accurate  observers  may  show  varying 
rates,  their  uniformity  is  more  remarkable  than  their  divergence, 
and  this  with  a  great  disregard  to  the  nature  of  the  masses,  which, 
as  regards  their  ciuality,  are  shown  by  experiment  to  possess  very 
different  degrees  of  conductive  power.  Mr.  Hopkins,  in  order  to 
explain  the  anomaly,  tests  the  problem  of  a  deep  isothermal  surface 
being  in  a  position  not  parallel  ^A^th  the  exterior  of  the  globe,  bat 
allows  that  there  are  no  conceivable  grounds  for  the  admissibility  of 
this  very  limited  hypothesis  according  to  the  theory  of  central  heat 
But,  on  the  other  hnnd,  Cordier  showed,  in  1S27,  that  the  rate  of 
augmentation  of  temperature  in  the  same  class  of  rocks  (the  Coal- 
measuu'S)  of  neighbouring  departments  of  France  is  in  oxie  case 
double,  in  another  nearly  treble  that  of  a  third ;  and  from  these 
a])]}arent]y  imperfect  data  ho  inferred  that  the  subterranean  heat  is 
distributed  with  much  irregularity  in  different  districts.    On  review- 

*  A  rrmnrkuMv  B]r)w  mto  of  proprnrion  is  hIiuvd,  •■  I  am  informed  bv  Mr. 
W.  J.  Hon  wood,  !E<\K.S..  at  the  celobrated  gold-mino  of  Morro  Vdho,  in  fimil, 
ftituntc  at  a  beiglit  of  r>2r>0  feet  aboTe  the  t>ea,  and  opened  in  clay-ilste  vook. 
The  watrr  irauinp  from  tlie  rock  at  45  fathoms  depth,  ohserred  in  1843,  had  a 
trmpernturp  of  mt®.  that  at  the  bottom  of  the  mine  in  1863  and  IB(^  at  14fi 
and  Ihit  fathoms  deep,  72**.  Thr w»  tompcratiircs  were  quite  independent  of  the 
eflectH  of  the  vnrm  niinn  a  little  before  and  after  Cbristmaa,  wMcfa  make  them- 
■eWea  felt  all  the  iray  down  the  engiue-ahafts.  The  mte  of  increaas  wonU 
hence  be  but  one  degree  for  200  feet. 
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ing  the  whole  Bubject,  Mr.  Hopkins  was  led  to  the  conclusion  that 
the  existence  of  a  central  heat  is  not  in  itself  sufficient  to  account 
for  the  phenomena  which  terrestrial  temperatures  present  to  us. 

Are  we,  upon  these  grounds,  to  look  to  various  scattered  foci  of 
heat  within  the  thickness  of  the  earth's  crust  ?  How,  unless  we 
have  the  sources  of  lava  and  of  high-pressure  steam  at  a  moderate 
distance  beneath  the  surface,  is  it  possible  to  explain  the  action  of 
Tolcanoe,  and  the  undulation  and  contortion  of  the  strata,  whether 
through  elevation  or,  moro  generally,  through  depression?  how, 
with  a  crust  hundreds  of  miles  thick,  or  with  a  dense  and  solid 
globe  as  upheld  by  Foisson  and  his  followers,  conceive  of  tho  phe- 
nomena which  mark  tho  presence  of  mountain-chains  around  the 
whole  earth?  And  if  there  be  but  a  crust,  whether  overlying  a 
liquid  nucleus  or  limited  seas  of  molten  rock,  is  it  probable  that  the 
thickness  will  at  different  places  vary  within  wide  limits  ?  I  cannot 
but  think  that  we  have  much  moro  to  learn  before  the  problem  is  ripe 
for  solution.  Prof.  Phillips  well  showed,  some  years  ago,  that 
sundry  conditions  must  be  taken  into  consideration  beyond  the  mere 
conducting-power  of  rock-masses,  and  that  convection^  or  transmis- 
sion by  means  of  water  and  air,  plays  at  the  present  time  the  more 
important  part  In  our  copper-mines  the  chemical  action  of  tho  sul- 
phide ores  manifestly  gives  rise  to  an  abnormal  temperature ;  at  equal 
depths  the  air  and  rock  of  tin-  and  of  lead-veins  aro  cooler.  And, 
in  juxtaposed  mines,  the  same  horizon  shows  so  different  a  tempera- 
ture, according  to  whether  they  be  opened  in  granite  or  in  clay-slate, 
that  we  look  upon  the  cooler  condition  and  slower  rate  of  increase  of 
temperature  in  the  unstratified  rock  as  somewhat  in  accordance 
with  the  result  of  Hopkins's  experiments.  Yet,  on  taking  into  ac- 
count the  frequent  alternation  of  these  rocks  Avithin  a  small  area, 
and,  more  than  all,  on  carrying  our  mental  view  downwards  a  few 
thousand  feet  from  the  surface,  and  speculating  on  tho  small  part 
which  must  be  played  in  depth  by  the  stratified  substances,  we  are 
obliged  to  condude  that  far  more  complete  observation  is  greatly 
needed. 

Geology  has  happily  in  the  meanwhile  an  abundance  of  other 
and  more  accessible  problems  for  our  study  ;  and,  notwithstanding 
the  difficulty  (at  first  sight  almost  insurmountable)  of  exploring  tho 
nature  of  the  globe  far  beneath  where  wo  can  ever  hope  to  penetrate, 
marveb  have  already  been  accomplished  in  that  direction.  Not  only 
the  actual  presence,  but  the  gradual  history  of  tho  construction,  of 
miles  on  miles  in  thickness  of  parts  of  tho  crust  have  been  so  far 
established  that  we  may  well  afford  to  await  tho  gradual  develop- 
ment of  the  physical  and  chemical  inquiries  by  aid  of  which  many 
of  these  researches  can  alone  be  pursued. 

And  now,  gentlemen,  in  approaching  the  end  of  my  task,  I  feel 
perfectly  conscious  that  I  have  touched  only  on  the  one  side  of  our 
great  subject  of  geological  science,  and  have  almost  omitted  to  men- 
tion the  other.  This  has  not  been  for  want  of  duo  consideration. 
I  reflected  that  a  moss  of  palsBontological  details  imperfectly  arranged 
and  set  before  you  could  profit  litUc,  and  that  I  should  best  fbJfil 


IxXXviii  PHOCEEDIXGS  OF  THE  OEOLOGICii  80CIETT. 

ray  office,  first,  by  dwelling  on  matters  with  which  I  had  a  surer  ac- 
quaintance, and,  next,  by  endeavouring  to  provide  you  with  a  suc- 
cessor to  this  cliair  who  would  do  full  justice  to  what  I  had  preter- 
mitted. You  have  elected  that  successor,  a  master  in  his  vocation ; 
and  we  shall  now,  during  his  term  of  presidency,  have  full  justice 
done  to  the  biological  portion  of  our  science. 

For  myself,  I  have  to  express  to  tho  Society  my  gratitude  for  the 
honour  which  they  have  done  me  in  placing  me  in  the  enviable 
position  of  presiding  over  their  interests  for  the  past  two  years,  and 
to  tho  Officers  and  Members  of  Council  my  best  thanks  for  the  un- 
varying readiness  and  courtesy  "with  wliich  they  have  assisted  in  all 
our  deliberations ;  and  I  may  bo  permitted  to  record  my  confident 
expectation  that,  whilst  we  are  all  agreed  in  the  grexit  objects  of  our 
studies,  differences  of  view  and  of  mode  of  inquiry  may  occur  on  moot 
points  and  yet  the  same  good  feeling  and  friendly  bearing  which  have 
always  hitherto  distinguished  our  body  will  long  continue  to  adorn 
its  future  progress. 

The  efforts  of  geologists  must,  indeed,  bo  more  or  less  as  the  inci- 
dents in  a  voyage  of  discovery.  We  know  that  the  region  of  perfect 
truth,  for  which  we  yearn  and  seek,  lies  looming  ahead  of  us ;  but 
as  yet  we  have  enjoyed  only  dim  glimpses  of  its  form,  although 
some  few  succossful  navigators  have  here  and  there  been  fortunate 
enough,  after  years  of  persevering  toil,  to  fix  with  accuracy  tho  posi- 
tion of  an  islet  or  a  promontory.  But  the  region  we  make  for  is 
one  of  vast  extent ;  and  we  sail  on  various  courses  and  in  very  dif- 
ferent varieties  of  craft.  Some  of  us  push  rapidly  forward  in  fast 
clippers ;  others  cleave  their  way  slowly,  and  yet  not  always  surely. 
And  the  past  history  of  our  voyage  proves  tho  importance  of  an 
occasional  crucial  observation,  by  which  to  determine  whether  we 
have  not,  in  despite  of  strenuous  efforts,  been  making  leeway,  or 
even  been  carried  completely  off  our  course  by  currents  of  which  wo 
had  no  cognizance. 

Possibly  it  may  never  be  vouchsafed  to  mankind  to  survey  in  its 
full  length  and  breadth  that  glorious  laud  of  which  we  are  in  quest ; 
but  of  this  Ave  may  feel  assured,  that  amid  the  thousand  difficulties 
and  the  thousand  experiences  of  the  laborious  undertaking,  much 
must  accrue  that  will  strengthen  and  elevate  the  explorers,  much 
that  will  tend  to  promote  tho  mat^^rial  advantage  and  the  moral 
dignity  of  our  species. 
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NOTXICBEB  6, 1867. 


Natbaniel  Plant,  Esq.,  Do  Montfort  HouBe,  Leicester;  Colonel 
Lane  Fox,  F.S.A.,  late  Grenadier  Guards;  G.  H.  F.  Ulrich,  Esq.,  of 
the  (Geological  Survey  of  Victoria,  Melbourne ;  Bev.  J.  J.  Bleasdale, 
D.D.,  Melbourne,  Victoria;  J.  Ince,  Esq.,  26  St.  George's  Place, 
Hyde  Park  Comer,  S.W. ;  and  the  Bev.  T.  S.  WooUaston,  M.A., 
Ezfoid,  Devonahire,  were  elected  FeUows. 

The  following  communication  was  read : — 
(M  ihe  Amieks  Gbatbl.     By  A.  Ttlob,  Esq.^  F.L.S.,  F.G.S. 
[The  puUication  of  this  paper  is  unaToidabLy  deferred.] 

(Abftnct) 

Thx  author  refers  first  to  the  prevalent  views  respecting  the 
graveLsof  the  Valley  of  the  Somme,  namely : — (1)  that  there  are  two 
depoflita  of  distinct  age — the  upper  and  the  lower  valley-gravels ; 
(2)  that  the  former  of  these  is  the  older ;  (3)  that  the  Valley  of  the 
Somme  has  been  excavated  to  the  depth  of  40  or  50  feet  since  its 
depomtion  ;  (4)  that  both  gravels  contain  bones  of  extinct  animals, 
and  implements  of  human  manufiEUsture,  the  lower  gravels,  however, 
containing  the  greater  number  of  species  of  MoUusca,  and  the  upper  the 
greater  number  of  flint  implements ;  and  (5)  that  the  height  (70  feet) 
of  the  gmvds  at  Bt  Acheul  above  the  present  level  of  the  Somme  is 
much  beyond  tlie  limit  of  floods,  and  that,  therefore,  they  could  only 
hafe  been  deposited  before  ihe  river-channel  was  out  down  to  its 
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present  level.  Ho  then  points  out  that  the  general  effect  of  these 
views  is  to  refer  back  the  remains  of  man  found  at  St.  Acheul  to  an 
indefinite  date,  separated  from  the  historical  period  by  an  interval 
during  which  the  valley  was  excavated. 

In  former  papers  ^Ir.  Tylor  stated  his  belief  that  the  upper  and 
lower  valley-gravels  of  the  Sommc  are  continuous  and  of  the  same 
age,  which  he  considered  to  be  close  to  the  historical  period.  In 
this  paper  he  states  facts  which  appear  to  him  to  demonstrate  the 
truth  of  his  views,  and  describes  a  number  of  sections  near  Amiens, 
in  which  the  levels  were  laid  down  from  an  exhaustive  survey  by 
M.  Guillom,  Chief  Engineer  of  the  Northern  Railway  of  France. 

The  conclusions  he  has  thus  been  able  to  arrive  at  are  the  follow- 
ing : — (1)  That  the  surface  of  the  chalk  in  the  Valley  of  the  Somme 
had  assumed  its  present  form  prior  to  the  deposition  of  any  of  the 
gravel  or  loess  now  to  be  seen  there ;  (2)  that  the  whole  of  the 
Amiens  vnlley-gravel  is  of  one  formation,  of  similar  mineral  cha- 
racter, contains  nearly  similar  organic  remains,  and  belongs  to  a  date 
not  much  anU'cedent  te  the  historicdi  period ;  (3)  that  the  gravel  in 
the  valley  of  the  Somme  at  Amiens  is  partly  composed  of  debris 
brought  down  by  the  river  Somme  and  by  the  two  rivers  the  Cello 
and  the  Arve,  and  partly  of  material  from  the  higher  grounds  washed 
in  by  land-floods  ;  (4)  that  the  Quaternary  gravels  of  the  Somme 
are  not  separated  into  two  divisions  by  an  escarpment  of  chalk  pa- 
rallel to  the  river,  as  has  been  stated ;  (5)  that  the  evidence  of  river- 
floods  extending  to  a  height  of  at  least  80  feet  above  the  present 
level  of  the  Somme  is  perfectly  proved  by  the  gradual  slope  and  con- 
tinuity of  the  gravels  deposited  by  them ;  and  (6)  that  many  of  the 
Quaternary  deposits  in  all  countries,  clearly  posterior  to  the  for- 
mation of  the  valleys  in  which  they  lie,  are  of  such  g^reat  dimensions 
and  elevation  that  they  indicate  a  pluvial  period  just  as  clearly  as  the 
Northern  Drift  indicates  a  glacial.  This  Pluvial  period  must  have 
immediately  preceded  the  true  Historical  period. 


November  20,  1867. 

Sir  George  William  Denys,  Bart.,  Easton  Neston,  Northampton- 
shire, and  Septimus  P.  Moore,  Esq.,  LL.B.,  5  St.  John's  Park 
Villas,  Haverstock  Hill,  N.W.,  were  elected  Fellows. 

The  following  communications  were  read : — 

1.  On  the  Glacial  and  Postglacial  Stbttctubx  of  LnicoLiraHiBB  and 
South-East  Yorksuirb.  By  S.  V.  WooDy  Jan.,  Esq.,  F.O.S.y  and 
the  Rev.  J.  L.  Rome,  F.G.S. 

[The  publication  of  this  paper  it  onaToidably  postponed.] 

(Abrtnct) 

Thx  features  of  Yorkshire  and  Narth-east  linoobuhire  having 
distinctive  characters  firom  those  of  Central  and  South  linodlndura, 
the  authors  describe  the  two  areas  separately.    In  the  formeTy  their 
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ooast-sectioiis  exhibit  the  Glacial  day  separated  into  two  portions : 
of  these  the  lower,  which  they  identify  with  the  ordinary  (or  upper) 
Glacial  clay  of  the  South,  contains  abundant  chalk  debris ;  but  the 
upper  or  purple  portion  (which  was  in  places  divided  from  the 
lower  by  sand  and  gravel  beds)  contains  no  chalk  in  the  upper, 
and  but  little  in  the  lower  part  of  it,  the  place  of  the  chalk  being 
taken  by  fragments  of  Palaeozoic  rocks.     The  latter  of  these  clays 
alone  extends  over  the  Wold-top  at  Speeton,  and  alone  occupies  the 
"valley  along  the  northern  Wold-foot,  and  so  away  northwards  to 
Scarborough  and  the  Tees-mouth,  from  which  the  authors  infer 
that  the  north  of  England  did  not  subside  beneath  the  glacial  sea 
until  after  the  south  had  been  submerged.     The  so-called  Bridling- 
ton **  Crag  "  is  shown  to  be  an  intercalated  bed  in  this  purple  clay. 
!Both  these  clays  are  shown  to  be  denuded,  and  their  denuded 
edges  to  be  everywhere  covered  by  a  much  thinner  Boulder-clay, 
that  of  Hessle,  which  wraps  Holdemess  like  a  cloth,  extending  to 
altitudes  of  150  feet,  and  running  down  the  east  of  Lincolnshire  to 
the  Fen-border.     This  Postglacial  Boulder-clay  of  Hessle  is  again 
cut  through,  and  in  those  places  covered  by  posterior  beds  of  gravel, 
oEQe  of  wluch  (at  Hornsea)  contains  fluviatile  shells.     At  Hull  this 
day  supports  a  forest,  which  is  now  submerged  33  feet  below  the 
Humber, — the  same  submerged  forest  also  occurring  at  Grimsby. 
The  authors  regard  the  position  of  the  sea  during  the  Postglacial 
period  as  having  been  prindpally  on  the  west  of  the  Yorkshire  and 
North  Lincolnshire  Wold  until  the  formation  of  the  gravel-troughs 
cutting  through  the  Hessle  clay,  and  that  its  present  position  was 
connected  wiUi  a  recent  westerly  elevation  and  easterly  depression. 
The  Glacial  clay  of  Central  and  South  Lincolnshire  belongs  to  the 
chalky  portion,  from  which  all  the  superior  or  purple  part  of  the 
formation  has  been  denuded ;  and  the  valleys  of  Central  I^ncolnshire 
are  shown  to  be  cut  out  of  the  Cretaceous  series  and  Glacial  clay  as 
a  common  bed,  the  hills  formed  of  the  day  rising  to  elevations  equal 
to  the  Wold  in  that  part. 

The  Gladal  day  of  both  areas  is  shown  to  be  denuded  westwards, 
and  the  denuded  edges  occupied  with  sands  and  gravels  termed  by 
the  authors  denudation-beds. 


2.  On  Sttpfosed  Glacial  Markikos  in  the  Valley  of  the  Exe, 
NoBTH  Devon.     By  N.  Whitley,  Esq. 

(Commanicated  by  the  AiwiwtamtrSecretary.) 

Ix  a  late  paper  on  the  grouping  of  the  rocks  of  North  Devon, 
Prafeasor  Jokee  mentions  some  glacial  grooves  observed  by  him  in 
the  Talley  of  the  Exe.  The  interest  attached  to  this  subject  in 
BQfih  a  oountry  induced  me  to  visit  the  spot ;  and  in  driving  down 
the  Talley  I  found  the  **  grooved  "rocks  about  half  a  mile  above 
Biilyiidh  Abbey,  and  on  the  north  face  of  a  projecting  tongue  of 
hud  purple  grits.  Two  separate  portions  of  the  rock  were  deeply 
Jniitmt/fA ;  and  the  long  straight  fdrrows,  like  a  bold  cornice  of  a 
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room,  might,  on  a  hasty  view,  be  set  dovn  as  large  glacial  stiis ;  a 
nearer  iiiBpcction,  however,  soon  dispels  this  opinion. 

1.  The  "grooves"  (I  use  the  term  for  eonvenience)  are  not 
psraUel  to  the  bottom  of  the  Toilcy  down  which  the  glacier  was 
supposed  to  slide,  nor  do  they  on  the  two  pieces  of  rock  nm  in  the 
same  direction  (fig.  1). 

Pig-l. 


2.  The  "  grooves  "  may  bo  traced  into,  and  under,  a  portion  of 
the  overlying  rock  ;  and  it  becomes  obvious  that  they  wore  exposed, 
not  by  the  action  of  ice  grinding  down  the  overlying  rock,  bot  by 
the  tool  of  the  workman  removing  fhc  rock  above  in  order  to  form 
tlic  new  road  cut  as  a  bench  along  the  steep  hillside. 

3.  The  cross  section  of  the  beds,  of  which  I  givo  an  enlarged 
sketch  (fig.  2),  shows  that  the  "  grooves  "  aro  formed  by  the  minor 

Fig.  2. 


folds  of  the  strata ;  and  the  lamination  of  the  interior  oi  the  rock  i« 
bent  so  as  to  correspond  with  the  "  grooves  "  on  the  surface. 

The  evidence,  uieroforc,  appears  to  be  conclusive — that  the 
"  grooves  "  have  been  formed  by  the  minor  contortiona  of  the  stratB. 
and  not  by  facial  action. 


3.  On  DisnTBBAScs  of  the  Lsvkl  of  the  Iand  near  You»&a£,  ok  At 
South  Coast  of  laRtura.  By  A.  B.  Wyhih,  Esq.,  F.G.8.,  of  the 
Geological  Survey  of  India. 

[Abridpd.] 
Thb  region  which  has  nndergone  recent  distnrbanoe  in  the  ndj^- 
bonrhood  of  Tooghal  is  a  part  .of  that  referred  to  in  Prof.  Jnkea's 
able  paper  read  before  the  Geological  Sodety  "  Upon  the  Kode  of 
Formation  of  some  of  the  Bdver-Valleys  in  the  South  of  IieUHd" 
(see  Quart  Jonm.  Ged,  Soc  toL  xniL  p.  378, 1862}  with  ■  map. 
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to  which  I  refer  more  particularly,  as  npon  it  Youghal  Bay,  at  the 
mouth  of  the  river  Blackwater,  wUl  be  found  marked. 

In  this  paper  (p.  398)  is  the  following : — "  The  South  of  Ireland, 
however,  seems  to  have  been  exposed  as  dry  land  ever  since  the 
ch)fie  of  the  Palaeozoic  epoch,  with  the  single  exception  of  the 
depressioD  which  it  suffered  beneath  the  sea  during  the  Pleistocene 
or  Glacial  period."  To  some  time  during  this  Glacial  period,  there- 
fore, evidences  of  disturbance  of  level  migbt  be  referred  if  they 
consisted  of  nothing  more  than  the  usual  phenomena  connected  with 
the  Glacial  Drift.  It  will  be  seen,  however,  from  what  follows, 
that  considerable  alterations  of  level  have  taken  place  along  the 
coast  of  Youghal  Bay  subsequently  to  the  formation  of  the  recent 
peat  which  so  commonly  covers  the  Glacial  Drift  of  Ireland. 

The  occurrence  of  submerged  peat  beneath  Youghal  Strand  is 
mentioned  at  some  length  by  Dr.  Charles  Smith  in  his  '  History  of 
Cork,'  1749,  book  ii.  chap.  1,  where  it  is  recorded  that  "  good  turf  is 
dug  every  season,  and  also  great  quantities  of  timber  trees,  as  fir,  hazel, 
&c.,"  from  beneath  the  strand,  and  that  the  bog  extends  as  far  as 
the  lowest  ebbs  uncover  it,  and  probably  much  further. 

He  says  also  that,  about  eighteen  years  before  he  wrote,  the  strand 
was  entirely  divested  of  all  its  sand  and  gravel,  and,  being  left 
quite  bare,  great  quantities  of  roots  of  various  trees  were  exposed — 
that  the  sea  has  encroached,  and  is  likely  to  gain  more  ground,  as 
the  land  within  the  strand  lies  low  and  flat ;  and  he  cites  several 
facts  to  show  that  the  sea  was  then  encroaching  on  the  land*. 

With  regard  to  the  submerged  bay,  the  statements  of  Dr.  Smith 
seem  to  be  correct,  as  far  as  can  be  now  seen  or  learned ;  but  the 
foundations  of  the  mill  of  which  ho  speaks  are  not  at  present 
known. 

The  strand  may  be  said  to  commence  at  the  very  mouth  of  the 
harbour,  where,  close  to  the  rocks  of  the  western  side  of  the  gorge, 
jost  below  a  place  called  ''Moll  Goggin's  Comer,*'  peat  may  be 
frequently  seen  stripped  of  the  sand  at  low  waterf. 

Looking  from  this  place  to  the  south-west,  the  strand  and  beach 
thrown  up  by  the  sea  are  seen  to  trend  from  the  observer  in  the 
direction  of  the  hill  called  Clay  Castle,  about  half  an  English  mile 
distant,  and  beyond  it  by  a  slight  protuberance  in  the  shore-line, 
called  the  Br^ikwaters  (frx>m  some  wooden  constructions  placed 
there  to  check  the  wasting  of  the  land),  and  so  on  by  the  mouth  of 
the  Fanisk  (or  Pillmore)  stream  to  the  high  land  of  Knockadoon 
Head.  On  ^e  landward  side  of  the  beach  the  low  ground  is  covered 
with  peat;  and  people  still  alive  remember  turf  being  cut  whore  a  range 
of  new  houses,  called  <'  The  Strand  "  or  Lewisville,  and  the  railway- 
station,  just  behind  the  beach,  are  now  situated.     The  water  from 

*  A  mde  flngraviiig  repwcptiD|[  a  riew  of  the  town  of  Youghal  from  the 
Wafecffind  tide  c^  the  hanour,  ii  nven  by  Dr.  Smith,  which,  save  in  the  form 
of  the  groond  and  the  positions  m  a  few  buildings,  but  slightly  resembles  the 
place  aa  it  is  at  pteaent. 

t  For  aome  rsmarka  upon  this  peat,  and  its  bearing  upon  the  denudation  of 
the  dtfla  doae  by,  see  a  paper  by  the  author  (Geol.  ICag.  toI.  iy.  p.  8, 1867). 
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this  low  boggy  ground  is  convoyed  through  the  beach  by  the  usual 
contrivance  of  tidal  floodgates  or  sluices ;  so  there  is  reason  to  bdieve 
that  the  peat  on  land  and  that  beneath  the  bay  are  at  the  same 
level,  and  connected  under  the  beach,  and  that  the  sea,  by  throwing 
the  latter  up,  has  banked  itself  out  from  a  considerable  portion  of 
the  low  ground. 

The  part  of  this  beach  between  Clay  Castle  and  Youghal  is  stated 
by  residents  in  the  latter  place  to  have  been,  a  few  years  ago,  com- 
posed of  larger  boulders,  and  so  much  higher  than  at  present  that 
persons  walking  behind  it  could  not  see  the  breakers  washing  its 
seaward  side,  and  that  it  has  been  reduced  by  the  action  of  the  sea. 

The  eminence  called  Clay  Castle  appears,  from  the  Ordnance 
Map,  to  have  an  elevation  of  01  feet.  It  rises  gradually  frt)m  the 
beach  on  the  north-cast  side,  more  abruptly  on  the  south-west  and 
north-west,  while  on  the  seaward  side  it  presents  a  cliff  partly  ver- 
tical or  very  steep,  and  partly  sloping  at  the  angles  usual  for  the 
incoherent  materials  of  which  it  is  composed — namely,  sandy  clay, 
sand,  coarse  gravel,  and  pebbly  beds,  mingled  with  some  tenacious 
clay,  and  occasionally  cemented  by  carbonate  of  lime,  or,  in  short, 
such  local  materials  as  characterize  many  parts  of  the  Glacial  Drift. 
It  is  rudely  stratified,  the  layers  being  approximately  horizontal,  and 
the  more  clayey  and  sandy  beds  nearest  to  the  base ;  at  the  south- 
west end  of  the  cliff  the  continuation  of  the  beds  is  interrupted  by  the 
outline  of  the  hill,  to  which  they  do  not  here  conform,  except  an 
uppermofit  light  loamy  layer,  which  seems  to  form  the  surface  every- 
where. From  its  summit,  at  the  edge  of  the  cliff,  it  declines  inland, 
and  presents  no  peculiarity  of  form  different  from  any  of  the  similar- 
looking  mounds  of  Glacial  Drift  in  this  country,  except  its  being 
cut  off  to  seaward  so  as  to  form  a  diff.  It  was  once  considerably 
higher,  as  it  formerly  extended  further  seaward  with  the  same 
outline.  Dr.  Smith  speaks  of  it  as  a  promontory ;  but  it  has  now 
nothing  of  this  form,  being  cut  off  by  the  straight  coast-line  at  its 
foot. 

On  careful  examination  of  its  materials,  it  is  found  to  contain 
fragments  and  pebbles  of  the  local  rocks,  with  many  weathered 
flints,  presenting  all  the  appearance  of  chalk-flints*,  and  difficult 
to  refer  to  the  veinstones  or  homstones  of  local  rocks — ^though  chalk 
with  flints  does  not  occur  in  situ  within  great  distances,  and  it  can 
hardly  be  supposed  that  these  flints  came  into  their  present  situation 
in  the  strata  of  the  hill  through  human  agency  in  the  form  of  ships' 
ballast. 

The  stratified  drift-like  appearance  of  these  deposits  might 
lead  any  one  to  set  them  down  as  such ;  but  dose  seaix^  shows 
that,  unlike  the  generality  of  Irish  Glacial  Drift,  or  any  which 
it  has  befallen  me  to  explore  t,  the  strata  of  the  hill  contain 

*  Although  a  very  large  number  of  these  flints  ha?e  been  brcAen  tad  oloaelv 
fliamined,  not  one  was  found  to  contain  a  fossil,  or  the  fragment  of  one,  whioa 
would  fix  their  age. 

t  I  am  aware  that  suob  shelli  and  fragments  have  been  found  in  a  few 
localities  in  the  drift  of  Ireland ;  but,  having  for  years  searched  eiery  gnml- 
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•ea-shellB  and  their  fragments,  from  the  base  nearly  to  the  very 
top,  generally  white,  mach  worn,  and  of  an  aged  appearance 
(including  Whelk,  Mussel,  Troehus,  Cardium,  Patella,  Venus,  &c.). 
Some  frtigments  of  wood,  in  the  form  of  charcoal,  were  found  in 
one  spot  lying  together,  near  the  top  of  the  cliff;  and  the  uppermost 
stratum  of  the  hill  contains  numerous  land-shells  {Helix  dbc). 

Although  there  are  no  exposures  of  peat  beneath  the  sand  imme- 
diately at  the  foot  of  Clay-Castle  Hill,  from  which  place  it  might, 
indeed,  have  been  washed  away,  and  whether  the  hill-strata  are  to 
be  supposed  contemporaneous  with  the  rest  of  the  beach  or  not,  it 
is  nevertheless  shown  by  the  foregoing  remarks  to  be  a  raised  beach ; 
so  that  we  have  here  evidence  both  of  elevation  and  depression, 
which  seem  to  have  taken  place  in  the  manner  which  will  be  now 
suggested. 

At  some  time  (about  the  dose  of  the  Glacial  period,  perhaps)  the 
sea  was  further  from  the  present  land  than  it  is  now ;  or  otherwise 
the  land  in  this  neighbourhood  had  a  greater  elevation,  and  the  low 
ground  of  the  Castlemart}^  valley  sloped  gently  further  out  to  the 
seaward,  being  covered  by  an  accumulation  of  peat  where  forest- 
trees  had  grown.  The  land  became  depressed — it  may  be,  generally, 
as  such  evidences  are  common  round  the  shores  of  Ireland  as  well 
as  of  parts  of  England ;  but,  whether  generally  or  locally,  the  land 
here  sank  to  a  depth  of  more  than  90,  perhaps  100  feet,  or  even 
more. 

Subsequently  to  this  depression  of  90,  100,  or  more  feet,  the  land 
rose  again,  but  not  to  its  former  level,  though  it  may  have  nearly 
reached  this ;  for  a  great  portion  of  the  boggy  strand  at  the  western 
side  of  Youghal  Bay  is  never  more  than  a  few  feet  below  low-water 
mark. 

At  present,  and  for  years  past,  the  land  seems  to  have  been 
subjected  only  to  erosive  action  by  the  sea.  Claycastle  Cliff  is  being 
rapidly  reduced  by  atmospheric  agencies;  and  in  dry  weather 
streams  of  sand,  greatly  increased  by  wind,  may  be  seen  running 
down  its  face,  so  that  in  a  few  years  hence  the  cliff  may  disappear ; 
but  I  have  found  nothing  to  show  that  the  erosive  action  of  the 
sea  is  at  present  being  assisted  by  another  downward  movement  of 
the  land. 

Dr.  Smith,  in  his  history  above  alluded  to,  mentions  some  islands 
at  Ballycotton  Head,  a  few  miles  south-west  of  this  place,  but 
does  not  notice  the  existence  of  the  larger  islet  called  Capel  or 
Cable  Island,  off  the  Point  of  Knockadoon,  supposed  to  be  the  King 
Point  named  by  him,  as  there  is  a  place  called  Ring  in  its  vicinity — 
though  something  in  its  locality,  without  a  name,  is  indicated,  on  his 
map  of  the  Co.  of  Cork,  as  existing  in  the  year  1750.  Traditions 
in  the  country  declare  this  Capel  or  Cable  Island  to  have  been  but 
recently  separated  from  the  msunland. 

At  a  little  distance  fropi  Claycastle  Hill,  on  the  landward  side,  is 
a  rounded  elevation  of  less  height,  the  base  of  which  has  been 

pit  I  met  with  in  the  oentare  and  Bouth  of  Ireland  without  ever  finding  a  tnuse 
of  m  ewi  ibell  or  fngment  of  one,  I  am  led  to  place  the  cates  in  contraat 
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partly  out  through  in  making  the  Eailway  from  Cork.  The  slopee 
of  the  cutting  are  now  dressed  and  grown  over  with  grass ;  but  it 
may  be  seen  that  the  banks  are  mainly  formed  of  sand  (with  some 
gravel),  precisely  similar  to  some  of  the  lowest  deposits  of  day 
Castle ;  and  numerous  white,  worn,  old-looking  J&Bgments  of  sea- 
shells  may  be  observed  lying  on  the  slopes  or  slightiy  imbedded  in 
them ;  but  while  there  is  nothing  to  the  contrary,  tiie  evidence  of 
these  fragments  being  in  situ  is  hardly  so  satisfactory  as  that 
afforded  by  the  former  locality. 

The  Old  Red  Sandstone  ground  to  the  north  of  this  is  hi^, 
rather  flat-topped,  with  abruptly  sloping  sides  and  occasional  small 
ravines ;  but  this  abruptness  of  its  lower  slopes  is  all  the  appearance 
which  can  be  taken  to  suggest  the  remains  of  old  sea-difib. 

Postscript. — Since  the  foregoing  paper  was  written,  a  reply  has 
been  received  regarding  specimens  of  the  flints  alluded  to,  which 
were  submitted  to  one  of  the  officers  of  the  Geological  Survey  of 
England,  well  qualified  to  form  an  opinion  about  them  from  his 
long  acquaintance  with  chalk-districts.  He  agrees  in  regarding 
them  as  chalk-flints,  thinking,  from  their  weathered  appearance,  that 
they  have  been  long  separated  from  it.  They  were  first  observed 
by  me  several  years  ago,  in  what  I  then  considered  the  "drift," 
along  this  coast  to  the  east  of  Toughal,  near  Whiting  Bay.  If  they 
are  really  chalk-flints,  are  they  relics  of  the  denudation  which 
separated  England  from  France  ? — A.  B.  W. 


Decembeb  4, 1867. 

Henry  Palfrey  Stephenson,  Esq.,  M.I.C.E.,  15  Abingdon  Street, 
Westminster;  John  Dabnan  Orchard,  Esq.,  Teighmohr,  Sandford 
Eoad,  Cheltenham ;  Ezekiel  Williamson,  Esq.,  6  Goodier's  Lane,  Be- 
gent's  Boad,  Salford ;  William  Garruthers,  Esq.,  F.L.S.,  Department 
of  Botany,  British  Museum,  and  25  Wellington  Street,  Islington,  N. ; 
Thomas  Parton,  Esq.,  Mining  Engineer,  Willenhall,  Wolverhamp- 
ton ;  Herbert  Eorkhouse,  Esq.,  Aberdare,  South  Wales ;  Charles 
Evans,  Esq.,  3  Devonshire  Hill,  Hampstead ;  John  Burham  Safford, 
Esq.,  Stow-on-the-Wold ;  Major  Edward  Owen  Leggatt,  Staff  Corps ; 
and  Archibald  Hamilton,  Esq.,  South  Barrow,  Bromley,  Kent,  were 
elected  Fellows. 

The  following  communications  were  read : — 

1.  On  the  Graptolites  of  the  Skidd  aw  Seribs. 
By  HfiNBr  Alletke  Nicholson,  D.Sc.,  M.B.,  F.G.S.  Ac. 

[Th6  publication  of  this  paper  is  unavoidably  poAtponed.] 

(Abeti'act.) 

The  author  first  describes  the  geological  relations  and  distribution  of 
the  Skiddaw  Slates,  and  notices  their  correspondence  with  the 
Quebec  Group  of  Canada,  and  then  gives  a  description  of  the  Grap- 
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toliteB  foimd  in  these  rocks.    The  genera  and  their  distingoiBhing 
diaracterB  are  the  following : — 

1.  Diehograptus,  Salter  (3  species) :  possesses  a  frond,  repeatedly 
diehotomous  from  a  basal  stipe  into  eight,  sixteen,  or  more  branches, 
each  with  a  single  row  of  cellS,  the  lower  part  of  the  stipe  being 
enveloped  in  a  corneous  cap. 

2.  TetragrapstiS,  Salter  (3  species) :  possesses  a  firond  composed  of 
foor  simple  stipes,  arising  from  a  non-celloliferous  fhnide,  which 
Mfiircates  at  both  ends. 

3.  Phyllograpnu,  Hall  (2  species) :  differs  from  the  last  in  pos- 
•easing  a  frond  composed  of  four  simple  stipes  united  back  to  back 
by  their  solid  axes. 

4.  Didymograpms,  M'Coy  (7  species)  :  the  frond  consists  of  two 
ample  stipes  springing  from  a  mucronate  radicle,  which  may  bo 
rndimentajy  or  apparently  absent. 

5.  Diplograpws,  M'Ck>y  (4  species):  two  simple  stipes,  united 
by  thdr  solid  axes  into  a  ceUuliferous  frond  famished  with  a  radicle 
at  the  base. 

6.  GraptolUes  vel  Oraptolithus,  Linn.  (4  species):  consists  of  a 
simple  stipe,  with  a  single  row  of  cells  on  one  side,  and  a  small, 
generally  curved,  radicle  at  the  base. 

7.  PUttrograpgus,  Nicholson  (1  species):  ceUuliferous  branches 
derived  from  a  main  ceUuliferous  rhachis. 


2.  On  (he  Fossil  Corals  (Madreporaria)  of  the  West-Indian  Islands. 
By  P.  Mastin  Duncan,  M.B.  Lond.,  Sec.G.S. 

Part  IV.  CoNCLrsioN. 
[Platbs  I.  &  n.] 

CONTEVTS. 


9.  Bemarks  on  tho  Antiguan  Fossil 
Corals,  and  description  of  new 
Species. 

10.  List  of  the  new  Species  of  West- 

Indian  Fossil  Corals. 

11.  Table  of  the  Synonyms  and  Lo- 

calities of  all  the  Species  of  the 
West-Indian  Miocene,  Eocene, 
and  Cretaceous  Coral-faunae. 

12.  Table  of  the  rarieties  of  the  Species. 

13.  The  nature  and  alliances  of  the 

Coral-faume. 

14.  Conclusion. 


1.  Ifiiroductian. — ^The  descriptions  of  the  Fosml  Corals  of  the  West- 
Indian  Islands  which  have  appeared  in  the  Society's  Journal  since 
1862,  appear  to  have  interested  many  geologists  residing  in  the 
islands ;  and  lately  the  great  desideratum,  a  collection  of  specimens 
from  the  Tertiaiies  of  Tnnidad,  has  been  sent  to  me  by  the  Rev.  Mr. 


1.  Introduction. 

2.  Sketch  of  the  Geology  of  Trinidad. 

3.  Lut  of  the  species  ox  Fossil  Corals 

from  St.  Croix,  Trinidad. 

4.  DeMriptions  of  the  new  species  from 

Trinidad. 

5.  Bemarks  on  the  Species. 

&  The  Mineralization  of  the  Speci- 
mens. 

7.  Bemarks  on  the  San  Domingan  Fossil 

Corals :  corrections  of  errors  and 
description  of  new  Species. 

8.  Bescriimon  of    some  new  species 

from 
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Eckel.  The  study  of  this  collection  completes  that  of  tiie  Fossil 
Corals  of  the  West-Indian  Islands,  so  far  as  I  am  concerned  ;  and  I 
have  therefore  added  to  the  description  of  the  new  species  some 
corrections  of  errors  which  had  been  made  through  inexperience ; 
and  the  synonymy  of  the  species  has  been  appended  also. 

The  tabular,  statements  will  be  found  to  proye  that  the  alliances 
of  the  Miocene  West-Indian  Coral -fauna  are  as  they  were  stated 
to  be  in  my  first  communication  in  1862. 

The  additions  to  the  Coral-faunae  of  San  Domingo,  Jamaica,  and 
Antigua,  which  are  recorded  in  this  communication,  are  interesting ; 
for  the  Eocene  facies  of  the  Jamaican  early  Tertiary  corals  becomes 
more  decided,  and  the  Miocene  affinities  of  the  San  Domingan  and 
Antiguan  series  are  extended.  The  commonest  of  the  Heliastnea 
of  the  Antiguan  marl*  has  been  discovered  in  the  Miocene  deposit 
at  Madeira ;  and  this  relic  of  the  former  coral-sea  brings  the  Faluns 
and  the  Spanish  Tertiaries  all  the  nearer  to  the  Caribbean.  Professor 
Eeusst  has  enabled  me  to  recognize  a  species  from  the  Miocene  of 
Java  among  the  Antiguan  coUection  in  the  British  Museum,  and  he 
stiit^s  that  a  tabulate  Coral,  a  PociUoporaX  from  Java,  is  closely 
allied  to  the  form  described  from  the  Nivaje  Shale  of  San  Domingo. 

2.  SJcetch  of  the  Geolotji/  of  Trinidad, — Trinidad  does  not  appear 
to  have  the  succession  of  its  strata  so  grandly  simple  as  Jamaica ; 
and  its  continental  relations  are  distinct  and  evident.  In  Jamaica  the 
metamorphosed  and  igneous  rocks  form  the  base  of  the  stratified  series 
(in  the  t}-pical  section  §),  and  the  lowest  strata  are  limestones,  whoso 
fossils  are  principally  Hippuritcs  and  Madreporaria.  The  Eocene  con- 
glomerates and  shales  succeed,  and  arc  covered  with  the  shales,  sands, 
and  marls  which  yielded  the  corals  described  in  1864.  These  Mio- 
cene strata  are  covered,  in  some  places  conformably,  and  in  others 
un  conform  ably,  by  a  great  white  limestone,  through  which  granite  is 
intruded.  There  arc  no  beds  indicating  luxuriant  vegetation  amongst 
these  Miocene  strata,  nor  have  any  freshwater  deposits  been  de- 
scribed. From  the  simplicity  of  the  formation  of  Jamaica,  it  is  to  be 
regretted  that  it  was  not  surveyed  before  Trinidad.  The  opinion 
that  Trinidad  would  be  a  typical  island,  and  that  the  Antilles  gene- 
rally could  be  compared  with  it,  was  incorrect ;  and  the  deficiency  of 
a  good  trigonometrical  survey,  of  natural  sections,  and  of  organic 
remains  has  rendered  the  laborious  survey  of  WaU  and  SawkinsH 
more  interesting  in  an  economic  than  in  a  purely  scientific  sense. 

The  nomenclature  adopted  in  the  description  of  the  geology  of 
Trinidad  is  of  no  valuo  when  the  other  islands  are  considcredy  but  it 
refers  admirably  to  the  mainland. 

*  IleHeatraa  crauMfamellaga,  Duncan,  var.  puickella, 

t  *  Ueber  fossilo  Korallen  von  der  Insel  Java,*  1867.  The  species  is  Fatioidea 
Jvngkvhni,  BeiiM. 

X  PoeiUopora  Jenkinm,  Beufls.  I  believe  it  to  be  a  varietj  of  my  BoeUhpora 
craa$oramosa,  from  San  Dominga 

I  Duncan  and  Wall,  Quart.  Joum.  GeoL  Soa  vol.  zzi.  p.  1 :  see  eeolioa 
through  Upper  Clarendon,  p.  4. 

]  "  Report  on  the  Geology  of  Trinidad,"  by  Wall  and  Sawkint— a  pains- 
taking book,  proving  the  difficultiea  of  colonial  work. 
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There  are  very  few  solid  data  apon  which  the  age  of  the  Trinidad 
deposits  can  rest;  but  Mr.  Etheridge  long  since*  distinguished  the 
Midtertiaiy  facies  of  some  shells ;  and  Mr.  Guppy  lately f  has  satis- 
factorily correlated  the  deposit  whence  they  came  with  the  Miocene 
deposits  of  the  northerly  islands.  The  Miocene  beds:^,  in  which  the 
fossils  occur,  rest  conformably  upon  highly  inclined  indurated  clays, 
coarse-grain'ed  sandstones,  and  compact  limestones  of  Cretaceous  age. 
This  Cretaceous  series  is  said  to  be  of  Neocomian  age,  and  is  there- 
fore not  to  be  referred  to  the  same  date  as  the  Jamaican  Cre- 
taceous series.  Wall  and  Sawkins  named  the  Trinidad  Cretaceous 
series  the  "  Older  Parian : "  it  stretches  very  nearly  midway  across  the 
island  from  west  to  east ;  and  the  Tertiary  deposits  flank  it  to  the 
north,  south,  and  east,  lliere  is  an  outlier  of  the  Older  Parian  in  the 
south  of  the  island ;  and  in  a  synclinal  trough  a  part  of  the  Naparima 
series  (the  fossiliferous  Miocene)  rests  immediately  upon  the  Creta- 
ceous rock.  But,  although  in  contact  in  the  south,  there  is  a  band 
of  clays,  shales,  and  yellowish  limestones  (the  Nariva  series)  which 
separates  the  two  series  in  the  middle  of  the  island. 

The  fossiliferous  deposit  at  St.  Croix,  near  Savanna  Grande,  whence 
ihe  fossil  Corals  were  derived,  ia  in  the  portion  of  the  Naparima 
series  which  is  separated  from  the  Cretaceous  strata  by  the  Nariva 
series.  On  the  northern  side  of  the  Older  Parian  rocks  this  Nariva 
series  is  not  repeated ;  but  a  limestone,  massive  or  granular,  and 
often  crystalline  in  its  character,  succeeds  at  once.  Like  the  Napa- 
rima series,  it  is  fossiliferous ;  but  there  are  no  satisfactory  data,  only 
extreme  probability,  to  prove  that  this  Tamana  series  is  to  be  core- 
lated  with  the  Nariva  or  the  Naparima  deposits.  There  is  a  great 
mass  of  deposits  resting  on  these  limestones  of  the  Tamana  series, 
and  occasionally  on  the  Older  Parian  rocks,  and  stretching  away  to 
the  north  ;  they  are  often  rendered  highly  carbonaceous  by  lignites, 
and  are  more  recent  than  the  Tamana  limestones. 

Corresponding  with  these  carbonaceous  deposits  of  the  north,  there 
is  a  great  arenaceous  series  in  the  south  which  rests  upon  the  Napa- 
rima deposits.  The  porcellanites,  lignites,  and  natural  asphalts 
of  this  southern  representative  of  the  carbonaceous  northern  series 
are  the  best-known  peculiarities  of  Trinitatian  geology. 

The  Miocene  of  Trinidad  appears  thus  under  different  mineralo- 
gical  conditions  on  the  north  and  south  of  the  Cretaceous  series.  A 
limestone  and  a  lig^tiferous  series  exist  to  the  north ;  and  a  yellow 
limestone,  clays  and  shales,  fossiliferous  marls,  and  an  arenaceous  and 
Ugnitiferous  series  are  found  to  the  south  of  the  Cretaceous  rocks. 
There  is  apparently  no  trace  of  a  chalk  of  the  Hippurite  age,  nor  is 
there  anytiiiBg  like  the  Eocene  shales  of  Jamaica. 

The  geological  structure  of  the  island  is  moreover  complicated  by 
the  range  of  hills  which  form  the  north  coast,  and  whose  detritus 
eoYen  up  the  northern  extremity  of  the  lignitiferous  series.  This 
range  is,  probably,  geologically  the  same  as  the  littoral  chain  of 

•  In  **  Beport^f  Gbolo^  of  Trinidad/'  p.  164. 

t  J.  L.  Gnppy,  Quart.  Joum.  Q«ol.  Soc.  vol.  zzii.  p.  281  et  aeq. 

X  Wall  and  Bawktns,  op.  eit  note  5. 
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Venezuela ;  it  consists  of  mica-slatos,  quartzose  slat^,  shales,  and 
sandstones  &c.,  greatly  contorted  to  the  north  and  south,  and  dip- 
ping very  generally  to  the  south  in  the  central  part  of  the  mass.  Its 
age  is  unknown ;  and  its  connexion  with  the  Tertiary  series  docs 
not  appear  to  bo  made  out  satisfactorily. 

The  fossiliferous  deposit  at  St.  Croix  is  in  the  same  series  as  the 
cliffs  at  San  Fernando  described  by  Mr.  Guppy ;  and  that  author 
decides  that  the  alliances  of  the  fossils  from  the  limestones  of  San 
Eemundo  are  closer  with  those  from  the  Jamaican  Miocene  than 
with  those  of  the  Chert  of  Antigua.  But  the  corals  found  in  the 
same  series  as  the  Stm-Femando  limestones  (the  Naparima  Marl), 
which  are  about  to  be  described,  are  closely  allied  to  those  of  the 
Chert  and  Marl  of  Antigua  and  the  Nivajc  shale  of  San  Domingo. 
The  majority  of  the  Jamaican  corals  belong  to  species  which  indi- 
cate deep  water ;  but  those  of  Trinidad  are  reef  species ;  so  that  the 
essentials  for  comparison  hardly  exist*.  Nevertheless  there  is  a 
sufficient  community  of  species  to  correlate  the  Trinitatian  Miocene 
with  all  the  coralliferous  deposits  which  have  been  described  in  the 
various  islands  in  a  wide  sense ;  but  it  is  impossible  to  assign  a  cor- 
rect order  of  succession. 

Certainly  the  Trinidad  deposits  which  yield  the  Corals  are  not  of 
greater  age  than  the  Nivaje  Shale,  the  coralliferous  bods  of  Vcre,  ia 
Jamaica,  and  the  Antigiun  Chert  and  Marl ;  and  there  are  no  data 
by  which  a  Lower,  Middle,  and  Upi>er  Miocene  may  be  established 
in  the  Caribbean  area  so  as  to  correspond  with  the  divisions  of  the 
European  Miocene. 


3.  List  of  the  Species  of  Fossil  Corals  from  St.  Croix,  Trinidad, — 

1.  Heliastrsea  endotliccata.  Dune. 

2.  (jlindrica,  Dujtc, 

3.  Barbadensis,  Dune. 


4. 
5. 


caTCMmosa,  t^per^  Bp.t 
altissima,  HU.  iiov. 


6.  Brachyphyllia  Kckeli,  Bp.  nov. 

7.  irrcpilaris,  Bp.  noy. 

8.  Afttiwa  Pariana,  Bp.  nov. 

9.  IsaHtra'a  confusa,  pp.  noy. 

10.  Stylophora  rariftella,  Dtfranct,  sp.  % 


11.  Stylopliora  niinuta,  Bp.  nor. 

]o   mirabilifl,  MickehtH  ei  Du- 

eh<uuainy\. 

13.  StephanooGenia   internepta,  £fp<r, 

Bp.t§. 

14.  Agaricia  agaricites,  Lamarck  f, 

15.  —  undata,  Lamarck  f, 
IB.  Pontes  Collegniana,  Mick.X 

17.  aatroides,  Lamarckf. 

18.  Alyeopora  DiedaUea,  ElainmU£%. 


4.  Descriptions  of  (he  new  Species  from  Trinidad. — 
HELiASTRJiLi  ALTissncA,  Bpoc.  nov.     Plate  II.  fig.  3. 

The  corallum  is  very  massive  and  tall,  and  its  upper  surface  ia 
subplano  and  wider  than  the  base.  The  calices  are  baielj  above 
the  common  surface,  they  are  circular,  but  occasionally  deformed, 
and  they  are  slightly  unequal  in  size.  The  calicular  fossa  is  shallow, 
and  the  calicular  margins  are  broader  than  the  septa.  The  columella 

«  Duncan, "  West-Indian  Fosnl  CoralB,"  Quart  Joum.  Cfool.  See.  Nov.  1863, 
and  Feb.  1864 ;  and  Duncan  and  Wall,  Quart  Journ.  Gcol.  See.  Nor.  18G4. 
t  Species  of  the  present  West-Indian  Coral-fiiuna. 

J  Species  of  the  European  Miocene  depoaits. 
Species  of  the  present  Pacific  Coral-nuna. 
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u  smally  distinct,  lax,  and  parietal.  The  costae  are  weU  marked,  un- 
equal, and  rarely  touch,  and  they  are  thicker  than  the  septa.  The 
oostse  of  the  highest  order  are  well  deyoloped,  and  contrast  with 
their  rudimentary  septa.  The  septa  are  delicate,  they  are  thinner 
midway  than  elsewhere,  and  those  which  reach  the  columella  have 
a  paliform  tooth ;  they  are  not  exaert,  and  are  only  slightly  dentate. 
The  septa  are  very  irr^ular  in  their  arrangement.  There  are  six 
systems,  and  in  most  of  them  there  are  three  cycles  with  or  without 
a  part  of  a  fourth  in  one-half  of  the  system,  so  that  there  are  con- 
stantly six  septa  in  a  system  instead  of  eight.  The  endotheca  is 
well  developed ;  and  the  dissepiments  are  dose,  stout,  and  nearly 
horizontally  paralleL  The  exo^eca  is  abundant,  forming  small  cells 
with  arched  outlines.  Height  of  corallum  6-8  inches.  Diameter  of 
ealiees  j^  inch. 
Loeaiity.  St  Croix,  Trinidad. 

Brichtphtllia  Eckeli,  spec.  nov.    Plate  II.  %.  4. 

The  corallum  is  large,  massive,  and  irregular.  The  corallites  are 
cylindrical,  of  various  lengths,  and  are  not  always  parallel,  neither 
are  they  equidistant ;  they  are  not  free,  but  their  calicos  are  more  or 
less  continuous  by  means  of  the  cost®.  The  walls  are  stout  and 
independent.  The  calicos  are  large,  and  are  of  various  depths,  and 
they  do  not  rise  as  truncated  cones ;  but  their  interspaces  are  broad, 
convex,  and  are  traversed  by  the  more  or  less  continuous  costse.  The 
columella  is  small,  spongy,  and  prominent.  The  septa  are  numerous, 
unequal,  and  crowded ;  they  are  thicker  at  the  wall  than  elsewhere, 
are  barely  exsert,  and  are  faintly  dentate.  They  are  usually  forty- 
eight  in  number.  There  are  six  systems  and  four  cycles,  and  some 
orders  of  the  fifth  sometimes  exist.  The  doubly  laminar  condition 
of  the  septa  is  very  distinct.  Most  of  the  septa  join  the  columella, 
and  those  of  the  fourth  and  fifth  orders  frequently  curve  towards  the 
larger  septa.  The  cost®  of  the  principal  septa,  and  often  those  of 
the  others,  touch  or  unite  to  the  corresponding  structures  of  the 
neig}ibouring  calicos.  The  costsB  are  not  so  unequal  as  the  septa, 
are  faintly  dentate,  but  slightly  exsert,  and  are  very  distinct.  The 
endotheca  is  sparely  developed,  and  the  exotheca  exists.  Diameter 
of  calices  -^  inch. 

Locality,  St.  Croix,  Trinidad. 

Brachtphtllia  irreovlaris,  spec.  nov.     Plate  II.  fig.  5. 

The  corallum  is  short,  and  has  a  very  irregpilar  upper  surface,  and 
an  encrusting  base.  The  corallites  are  very  irregular  in  their  shape 
and  dimensions.  The  calices  are  crowded,  deformed,  and  irregular. 
The  calicnlar  £D68a  is  deep.  The  columella  is  very  small.  The  costas 
are  continuous,  and  alternately  very  large  and  very  small.  The 
aepta  are  irregularly  developed,  are  alternately  laige  and  small,  and 
never  exceed  three  cycles  in  six  systems.  There  is  much  exotheca. 
The  largest  calices  are  rather  more  than  -^  inch  in  diameter. 

LoedUty.  St  Croix,  Trinidad. 
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AanRML  Partana,  spec,  nov.* 

Tho  coroUum  is  massive  and  rather  tall,  and  its  tipper  surface  is 
flat.  The  corallites  are  slender,  tall,  crowded,  and  equal.  The  calices 
are  small,  and  tho  fossa  is  rather  deep.  The  columella  presents  one 
rounded  process.  The  septa  are  in  six  83rstem8,  and  there  are  three 
cycles ;  they  are  alternately  large  and  small,  and  the  smallest 
usually  unite  to  the  large  septa ;  they  are  faintly  dentate.  The  lamins 
present  on  their  sides  sets  of  granules  in  horizontal  hut  wavy  lines. 
The  endotheca  is  rare.     The  diameter  of  the  caliccs  is  -^  inch. 

Locality,  St.  Croix,  Trinidad. 

IsASTBJBA  coNFUSA,  spcc.  uov.     Plate  II.  fig.  6. 

The  corallum  is  short,  and  covers  much  space.  The  corallites  are 
very  irregular  in  size,  and  the  calices  also.  The  fossa  is  moderately 
deep,  and  presents  a  false  columella.  The  septa  are  thick,  and 
Tinite  laterally  in  sets  of  three,  four,  or  six.  Tho  free  margin  is 
faintly  dentate.  The  largest  calices  have  four  cycles  of  septa  in  six 
systems ;  hut  usually  only  three  cycles  are  found  in  smaller  calices. 
The  diameter  of  the  calices  is  from  -jV  ^^  i^  inch. 

Locality.  St.  Croix,  Trinidad. 

Sttlophora  mixuta,  spec,  nov.* 

Tho  corallum  is  encrusting  and  very  small  and  thin.  The  calices 
are  circular  in  outline,  and  project  like  small  cylinders  ahove  the 
coenonchyma,  which  separates  them.  The  costte  are  not  in  existence, 
hut  the  cylindrical  wall  is  plain.  The  septa  arc  six  in  numher,  and 
are  stout.  The  columella  is  large  and  styloid.  The  ccenenchyma  is 
lax  and  plain.  There  are  two  calices  and  the  intermediate  coenen- 
chyma  in  -^  inch. 

Locality.  St.  Croix,  Trinidad. 

This  species  is  closely  allied  to  S.  ranstdla,  Defrance,  sp.^  of  the 
Faluns. 

5.  Remarks  on  the  Species. — An  analysis  of  the  eighteen  spedea 
found  in  the  Trinitatian  Miocene  deposit  at  St.  Croix,  gives  the 
following  results : — 

1.  SpocieR  oommon  to  the  West-Indian  and  European  depotiti   ...     2 

2.  Species  common  to  the  St  Croix  deposit  and  other  West-Indian 

Miocene  deposits 10 

3.  Beoent  species  of  the  West-Indian  Coral-fauna    61  ^ 

4.  Beoent  species  of  the  Pacific  Coral-fauna Ij ' 

5.  Species  peculiar  to  the  Trinidad  Miocene '..  0 

The  genus  Jleliastraa  is  very  large,  and  therefore  its  species  are 
by  no  means  to  be  readily  di£ferentiated.  Neverthdess  the  fLv^ 
species  of  the  Trinitatian  deposit  are  well-marked  formSy  the  only 
close  alliance  being  between  JET.  eylindriea  and  If,  eawmoea.  J7. 
cyUndrica  is  the  oldest  species,  and  may  have  become  modified  to 


*  The  specimens  on  which  these  species  were  founded  daoaysd  befon  thej 
eonld  be  drawn,  on  account  of  their  fragile  and  chalky  nature. 


1867.]  DUKCAK — WEST-IKBIAir  CORALS.  15 

meet  external  conditions,  and  may  have  resolved   itself  into  H, 
cavernosa. 

The  assemblage  of  Heliajstraa  connects  the  Trinidad  deposit  with 
the  Nivaje  shale  of  San  Domingo  and  the  Marl  of  Antigua,  in  a 
pakeontological  sense,  and  indicates  a  reef  in  some  form  or  other. 

Bracht/phylliaf  Benss,  is  a  genus  whose  species  are  for  the  most 
part  of  Gosau-chalk  age ;  but  there  is  one  published  species  from 
the  Miocene  of  Turin,  and  I  have  MS.  notes  of  another  form  from 
Bassano.  The  species  now  described  are  well  marked,  and  must 
Riggest  what  has  already  been  noticed*  as  regards  the  Coral-fauna 
of  San  Domingo,  Jamaica,  and  Antigua — the  relation  between  the 
Coral-fauna  of  the  Hippurite-age  and  that  of  the  Antillian  Miocene. 

Isattraa  confusaf  is  the  third  species  of  Isastrcea  of  the  West- 
Indian  Miocene,  and  is  as  aberrant  as  regards  its  septal  arrangement 
IS  the  Triassic  and  Liassic  species ;  but  this  variation  from  the  arti- 
ficial type  is  to  be  expected  in  the  oldest  and  youngest  species  of 
every  large  genus.  The  variability  of  species,  and  their  aberrant 
forms  in  genera  about  to  become  extinst  (that  is  to  say,  extinguished 
in  the  perceptions  of  the  zoologist),  is  very  marked  in  the  Madrepo- 
raria,  as  it  is  in  Echinodermata,  Trilobita,  and  Pachydermata. 

Stylophora  raristdla,  Defrance,  sp.,  is  an  abundant  fossil ;  and  very 
beautifiil  examples  of  the  papillate  coenenchyma  between  the  calicos 
are  very  common.  There  is  no  coenenchyma  in  the  young  corallum, 
but  it  appears  with  growth.  The  S,  minuta  is  closely  aUied  to  the 
S,  rarisUlla,  which  is  a  characteristic  Falunian  coral. 

Porites  astroides,  Lamarck.  This  is  a  species  whose  individuals  are 
very  large,  and  doubtiess  formed  large  portions  of  old  reefs,  as  they  do 
still  in  the  present  Caribbean  sea. 

Taken  as  a  whole,  the  eighteen  species,  which  are  all  compound, 
indicate  vigorous  coral-growth  and  the  conditions  most  favourable 
for  the  existence  of  a  reef — that  is  to  say,  pure  sea-water,  the  absence 
of  fresh  water,  a  deep  sea  close  at  hand,  and  neighbouring  high  land 
in  an  area  of  oscillation. 

These  external  conditions  are  not  now  in  existence ;  and  Trinidad, 
the  southernmost  of  the  West-Indian  Islands,  is  too  close  to  the 
delta  of  the  Orinoco  and  the  estuaries  of  the  Gulf  of  Paris  for  the 
growth  of  the  species  of  the  West-Indian  Coral-fauna.  The  Orinoco 
effectually  stops  the  passage  of  the  West- Indian  species  to  the  south. 
Formerly,  when  the  great  plains  through  which  the  Orinoco  passes 
were  a  Miocene  sea- bottom,  there  may  have  been  an  open  sea,  as 
large  as  the  Caribbean,  to  the  west  and  south,  and  the  coral-reefs 
woold  have  been  supported  by  the  outliers  of  the  mica-slate  ranges 
of  Colombia. 

6.  The  Mineralization  of  ihe  Specimens. — ^The  mineralization  of 
the  St.  Croix  specimens  is  somewhat  peculiar.    A  few  are  imbedded 

*  Dnnoui  and  Wall,  op.  eii. 

t  Since  Uus  written  MM.  Duohaflning  and  Miohelotti  (in  their  **  Supplement 
■a  Mlmoire  sor  lee  Coralliairee  dee  Antil&i,  Mtoi.  Aoad.  Turin,  2*  e6rie,  voL  zziii.) 
noliee  Dimorvkastrma  Chuidahipenm  from  the  Tertiariee  of  Guadeloupe;  tlie 
gjffius  is  of  Cmaa  age. 
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in  pure  whito  chalk ;  but  the  rest  are  surrounded  and  included  in  the 
usual  rcef-dctritus,  are  of  a  light-brown  colour,  are  usually  very 
hard  and  heavy,  and  present  much  crystalline  carbonate  of  lime. 
There  is  nothing  like  the  condition  observed  in  the  Antiguan  fossil 
Corals ;  and,  as  a  rule,  the  Mollusca  imbedded  with  the  Corals  are  in 
the  form  of  casts. 

Some  of  the  more  massive  specimens  of  the  HeliastracB  and 
StrpJutnoccenice  present  a  fracture  which  resembles  that  of  Eohino- 
dorm  remains. 

7.  JRemarl's  on  San-Domingan  Fossil  Corals, — A  carefdl  examina- 
tion of  the  collections  in  the  Society's  Foreign  Museum  and  in  the 
British  Museum  enables  mo  to  add  some  species  to  the  Coral-fauna 
of  the  Nivajc  shale,  as  well  as  to  correct  some  errors  in  my  former 
communication. 

Better  specimens  of  Brachyeyathus  Heiukeniy  nobis,  and  an  ex- 
amination of  the  Cretaceous  species  of  Europe  prove  that  the  small 
Corals  described  under  this  genus  are  Paracyathi. 

Pasactathus  Henekeiti,  Duncan,  1 867. 
Brachyeyathus  Henekem,  Duncan,  1863. 

(See  the  specific  diagnosis,  Proc.  Geol.  Soc.  May  6,  1863,  p.  426.) 

The  pali  are  before  the  primary  and  secondary  septa,  and  are 
largest  before  the  tertiary  when  the  system  is  complete.  The  pali 
arc  entire,  small,  and  papillose.  The  columella  is  formed  with  the 
ends  of  the  septa,  and  is  small. 

Several  specimens  of  Trochocyathus  almormaliSj  nobis,  indicate 
the  necessity  of  removing  the  spedes  from  the  genus  Trochocyathugf 
and  of  establishing  a  new  genus  for  them  imder  the  name  of  Aste- 
rosmilia. 

The  occurrence  of  pali  and  endotheca  in  three  species  has  deter- 
mined the  diagnosis  of  this  new  genus,  which  links  together  the 
great  collection  of  genera  of  simple  Corals  with  and  without  endo- 
theca, viz.  the  CaryophyllincB  and  the  Astrceitks, 

The  descriptions  of  the  new  genus  and  species  are  given  in  PhiL 
Trans.  Royal  Soc.  1867. 

ASTEROSIIILTA  ANOIIALA,  DuUCaU,  1867. 

Trochocyathus  abnoifnalis,  Duncan,  1863. 

ASTEBOSMILIA  COBNTTA,  DuHCaU,  1867. 
ASTEBOSKIIJA  EXASATA,  DuUCau,  1867. 

Manicina  areolata,  LinnsBus,  sp. 

This  species  is  common  in  the  Caribbean  sea;  and  a  fossil  speci- 
men was  found  in  the  Nivajc  shale. 

Flabellum  sxasatum,  nobis  (Proc.  Geol.  Soc  Nov.  9, 1 864). 

A  small  specimen  has  been  found  in  the  Nivaj^  ahale»  the  type 
having  been  discovered  at  Yere,  in  Jamaica.  The  speoioi  is  alio 
found  in  Cumana*. 

*  J.  L.  Guppy,  op.  eit 
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Placotbocdus  LoirsDALEiy  nobis  (Quart.  Joum.  Geol.  Soc.  vol.  xix. 
p.  42S,  plato  XV.  figs.  2a  and  2b), 

The  artist  has  omitted  tho  columella. 

It  is  remarkable  that  two  species  of  Phicotrochus  should  be  found 
fossil  in  the  South  Australian  Tertiary*  deposits ;  but  the  genus  is 
extinct  in  the  Caribbean  area. 

POCILLOPORA  CRASSOR^iKOSA,  nobis. 

Reuss  has  lately  described  a  PoAUopora  (P.  Jenhhisi)  from  Java, 
and  notices  its  resemblance  to  the  San-Domingan  species.  There  is 
also  a  species  in  the  Antiguan  Tertiaiies. 

Antillta,  genus  nobis  (Quart  Joum.  Geol.  Soc.  vol.  xx.  p.  28). 

This  genus,  which  embraces  Monti haltio!  with  columellie,  has  at 
least  six  well-marked  species  in  the  Miocene.  The  smallest  are  dis- 
coid, the  rest  being  more  or  less  turbinate. 

M.  de  Fromentel  d  >cs  not  interest  himself  in  Tertiary  Corals ; 
otherwise  that  excellent  obser\'cr  and  able  pjilrcontologist  would  have 
been  spared  the  necessity  of  introducing  his  gonus  CijathophijlUti  in 
1SG5.     See  Pal.  Fran^.  Terrain  Jurassique,  p.  8(3. 

Cartophtllia  affinis,  nobis,  18G3. 

It  is  propased  to  adopt  the  terminology  of  M^f.  Mihic-Edwards 
and  Jules  Haime,  and  to  name  this  8i)ecies  Lithophyllia  affinis, 
Duncan,  1867. 

The  species  formerly  included  in  the  genus  Astrcea,  such  as  A,  ewh- 
thecata,  A,  eylindrica,  &c.,  will  be  named  HeVuistrcpa  erulotheraia, 
Duncan,  Hdiastrcea  ci/lhulrica,  Duncan.  Aatrcea  hrevis  will  become 
Heliastnxa  hrevis ^  Duncan. 

The  genus  Siderasircea  is  replaced  by  AstrcBa,  so  that  Sider- 
astreea  grandis,  nobis,  will  become  Astrcea  gramlis,  Dune.  Sider^ 
astriea  eremdata,  Blainville,  will  be  termed  Astrcwa  crenalata,  Blain- 
ville,  sp. 

8.  Description  of  some  new  Species  from  Jamaica. — The  Society's 
Journals  for  1863  and  1864  contain  the  descriptions  of  the  species  of 
Corals  from  Jamaica.     The  following  additions  are  requisite  : — 

In  the  Eocene  dark  shales  Paraeyatluis  crassus,  Ed.  &  Haime, 
is  found.     Its  European  locality  is  Bracklesham. 

CoLUlCKASTRiEA  EtREI,  sp.  UOV.      Plate  I.  figs.  1  (I,  lb. 

The  coraUum  is  subramoso,  and  the  calicos  are  wide  apart  and 
oblique.  The  costo)  cover  the  coenenchymal  surface,  are  equal,  are 
separated  by  deep  grooves,  and  are  usually  straight  and  long.  The 
calicular  margins  are  ridged  by  the  costs.  The  septa  are  smaller 
than  the  costffi.  The  septa  are  deeply  situate,  are  delicate,  the 
laminiB  being  larger  at  the  wall  and  near  the  columella  than  mid- 
way ;  and  the  primary  septa  have  small  pali.  There  are  three  cycles, 
the  last  being  incomplete  in  one  or  more  systems.  The  secondary 
septa  nearly  equal  the  primary  when  the  cycle  is  complete.    Tho 

*  Ann.  &  Mag.  Nat.  Hist.  ser.  3,  vol  ir. 

VOL.  XXIT. ^PART  I.  C 
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tertiaiy  septa  aro  my  Bmall.  None  of  the  BOpta  are  ozKrt.  The 
columella  is  eetsentitd,  stoloniform,  largo  and  projecting.  IHametvr 
of  colices  ^  inc-b. 

Locality.  Eocene  Shales,  Jamaica. 

PLACorBocuuK  SAwxnm,  epcc.  nov.    Plate  II.  fig.  2ff,  26. 

The  eorollum  is  short,  tnrbinnle,  adherent,  und  eompreBsed.  The 
oijilliecii  is  di'licate,  and  permita  the  coctlsc  to  1*  been  near  the  caliee. 
The  coBta;  ore  distinct,  rather  Tinequnl,  and  aro  faintly  dontntc.  The 
ealite  is  deep,  and  the  ninrgin  is  blunt.  Tlic  Bejita  arc  wide  apart, 
the  primary  are  largo,  slightly  exsert,  and  have  u  straight  inner 
edge. 

The  septal  arrangement  is  Tcry  irregular.    Thus  in  tho 
Ist  system  there  ore  8  septa,  or  4  cycles 
2nd         „        „        8    ,)  ,1    incomplete. 


4th  „         „         0 


and  port  of  5tli  cycle 


49  septa. 

Tho  higher  orders  of  septa  are  Tory  small;  hut  their  costae  are 
lai^T.  The  lamina:  arc  ornamented  with  gronulcs.  The  columella 
is  Email,  central,  slif^hlly  projecdug,  and  lamellar ;  about  18  septal 
ends  reach  it,  and  become  more  or  less  adherent. 

Height  of  tlie  ^-niul  j  inch.     Length  of  tho  culiee  j  inch. 

Loc.  Bowdcn,  Jamaica. 

Sidenitlraa  ffratidis,  Duncan,  beeomes  under  tho  latest  nomcn- 
elatuic  Astr<ra  iji-andiB,  Duncan. 

9,  Scmarlrs  on  the  Antiguan  Fouil  Corah,  and  Dturiptiwa  of 
n#w  tpeciex. — The  genus  Astraa  gives  way  to  that  of  Meltattraa,  and 
the  geniiH  Siihra»lr<r(i  becomes  Aitraa.  Hence  all  tho  AstrmnB 
^tlk  thick  Bcptu  bccomo  classified  under  Heliastraa  crauolameUabi, 
Duncan. 

One  of  the  varieties  of  this  species,  var.  nxdehtVa,  nobis,  is  in  Sir 
Charles  Lyell's  collection  of  lUoceno  fossils  from  Madeira,  in  the 
British  Uuseum.  There  is,  moreorer,  a  Heliattraa  in  the  collec- 
tion of  recent  eonilH  in  tho  Bntish  Aluseiim,  vith  thick  septa  at  the 
calieulor  maifnn,  but  it  has  a  low  septal  nuniljcr;  ncvcrthelew  it 
lenders  tho  existence  in  tho  present  Coral-fuuna  of  some  of  these 
large  Mioccno  UtliailrfPdi  very  probable. 

In  a  formei  communication,  tho  nllianco  of  Hdtanlraa  Sotitrttino, 
Ifich.,  sp.,  with  the  species  eratnofamcTlata  was  omitted  to  be 
notieed.  Miebelin's  delineation  of  the  U.  ItofJutlina  is  perfectlyin- 
comprehonsible.  ITio  species  has  not  four  complete  cycloa,  but  is 
larper  as  regards  its  corallites  than  //.  Guettardi ;  there  is  no  other 
distinction, howcrer,  between  thcFPKpei'ies,  llie  costal structuivsof 
H.  Ottetlardi  distinguish  it  from  II.  avuotamtlhia,  nobis;  and  the 
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same  may  be  said  concerning  If,  BochetHna,  if  it  can  stand  as  a  sepa- 
rate species. 

The  species  Astrcea  ceUuhsa,  Duncan^  A,  Antiguensis,  Duncan,  A, 
endoihecaUiy  Duncan,  A.  megal^ixoTia,  Duncan,  A.  tenius,  Duncan, 
A,  Bnrbadensis,  Duncan,  A,  costata,  Duncan,  A.  radiata,  Lamarck, 
are  now  to  be  referred  to  the  genus  HeUastrcea, 

Alvtopora  microscopica,  Duncan,  is  probably  Pontes  coUegniana, 
Mich. 

Mixandrina  Jilograna,  Esper,  sp.,  is  found  in  the  Antiguan  Ter- 
tiary deposits. 

Heliasxr^a  insiokis,  spec.  nov.    PI.  I.  fig.  4. 

The  corallum  is  large,  and  the  corallites  also;  they  are  wide 
apart,  are  circular  in  transverse  outline,  and  are  very  equal  in  size. 
The  wall  is  stout  as  regards  the  septa  and  costae,  but  thin  in  com- 
parison with  the  diameter  of  the  corallites.  The  septa  are  delicate, 
wide  apart,  long,  slightly  thicker  at  the  wall  than  elsewhere,  straight, 
and  the  primary  septa  are  hardly  any  broader  than  the  tertiary. 
There  are  three  cycles  of  septa  in  the  six  systems,  and  rarely  a  septum 
of  the  fourth  cycle  is  noticed  in  half  of  a  system.  The  primary  and 
secondary  septa  are  of  equal  length,  and  the  tertiary  extend  far  in 
towards  the  colimiella.  The  columella  is  small.  The  costSB  are  long, 
slender,  often  bent,  almost  equal,  and  of  about  the  same  thickness  as 
the  septa  ;  occasionally  a  rudimentary  costa  is  seen,  and  is  not  re- 
presented by  a  septum.  The  cxothcca  is  inclined  and  abundant. 
The  endotheca  is  very  abundant  and  inclined. 

Diameter  of  corallites  (costse  not  included)  -^  inch. 

Loe.  Antiguan  Tertiary  deposits. 

The  large  size  of  the  corcdlites,  the  low  septal  number,  the  long 
fiepta  and  costce,  with  the  small  columella  and  highly  developed 
endotheca,  distinguish  this  species. 

^lEPHASOcxENiA  Revssi,  spcc.  nov.     PI.  II.  £g.  1. 

The  corallum  is  gibbous  and  massive ;  the  corallites  vary  somewhat 
in  026,  but  are  polygonal,  and  are  separated  by  consolidated  walls, 
^poQ  which  the  septo-costal  ends  are  seen.  The  septa  are  distinct 
and  distant ;  there  are  ten  large  and  ten  small.  The  ten  largest 
s^  either  reach  the  columella,  or  are  attached  to  large  pali  ;  ordi- 
^udly  five  or  six  of  the  large  septa  have  pali.  The  pali  are  long 
*^  aro  broader  than  the  septa  ;  sometimes  two  of  the  smaller  septa 
^ite  to  a  larger  septum.  Columella  distinct  and  large.  Young 
^^^tes  have  evidently  six  systems ;  but  the  third  cycle  is  incom- 
plete in  all  ihe  larger  corallites. 

Kameter  of  corallites  ^^  inch. 

Iac.  Antigua,  and  probably  from  the  Marl.  (Coll.  Brit.  Mus.) 

Laicsllastr^a,  gen.  nov. 

Die  oorallnm  is  compound;  the  corallites  are  united  by  their 
^aUgyand  are  more  or  less  polygonal  in  transverse  outline;  the 
^obflMllii  if  eMential  and  Iftni^lVr ;  the  septa  are  alternately  large 

o2 
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and  smnll ;  and  i\w  ropi'oduetiou  i^  principally  by  flswparity  tlirougL 
the  Bulid  culuuiullLt,  mid  occitsionLtlly  by  luurginal  gemmation. 
Lamellaste-ea  RMrriir,  spoc.  nov.     PI.  I.  figs,  2  n,  2  6. 

The  eornlliim  i»  Iui'kc  ond  massive.  The  corullit*.'s  vary  in  size, 
from  tlieir  undergoing  fi^si^iorous  division.  Tlic  wolLs  arc  ralid  ami 
dclicutc,  TI)o  aeptit  uru  short,  alternately  lurgo  nnd  very  Rmull, 
although  a  dniall  eeptum  often  separates  two  smaller-  The  larger 
septa  are  broadest  ut  the  woll,  iind  huvc  a  paliform  tooth  near  tlie 
columella,  and  Ihcy  rench  further  inwoi-ds  than  the  smaller  septa. 
The  smaller  septa  are  linear.  The  culumella  in  stout,  more  or  less 
lamellar,  and  a  portion  of  it  remains  as  a  large  sejitum  after  fissi- 
parily.  The  number  of  loi'gc  sciita  varies,  but  in  small  caliees 
twelve  may  be  counted.     The  endotheea  is  seonty. 

Diameter  of  longest  corollites  undei^ng  fiKsi^iarity  about  i-  incli ; 
diameter  of  the  smallest  eorallites  -jJ-  inch. 

Loc.  Antigun,  probably  from  the  Marl  (Coll.  Itrit,  Mu!«.), 

Thin  genu»  is  nvidily  disttnguiHhed  by  tlic  lamellar  culumelln,  t)u> 
irant  of  pali,  ond  the  fissiparous  diviMon.     Tt  must  be  clns^fied 
amongst  the  litviact^'r,  and  placed  between  the  genera  Fnvia  and 
Ooniimtfaa. 
Favoidea  JirsonunNi,  Ueusa. 

A  Biwcimen  of  the  genus  Favoidea  ai  Bcuss  (Ueher  fossilc  Ko- 
rallcn  von  der  Insel  Java,  p.  IGS)  preaenta  eorallites  slightly  loi^-r 
than  the  type,  and  the  septa  appciu-  slightly  larger  at  the  wall ;  but 
there  is  no  specific  difference  between  the  tj-jie  and  the  si>ecimen 
which  I  found  in  the  collection  of  West-Indian  fowil  uoraU  in  the 
British  MuHcuro,  and  whose  mineralization  would  lead  me  to  belie^i' 
was  Antigiiau.  The  ty])e  is  from  the  Miueene  (?)  of  Java,  whoso 
corals  have  been  so  ably  dcBeribcd  by  Iteus.^. 

StTLOCffisiA  toBATO-RorcSDATA,  Ed.  it  Haime. 

This  coral  is  vei-y  eommon  in  the  Chert  of  Antigiia.  Tlic  general 
affinities  of  the  spcL'iex  arcdescribetlbymein  theCieolt^eal  Magazine, 
No.  3.     It  is  a  common  Maltese  coral. 


Aatbjea  grasi)I»,  Duncan. 

A  specimen  of  ihx*  coral,  in  the  form  of  a  polished  seclioi),  id  in 
the  Sritish  Museum.  The  weathered  edges  present  a  most  extraor- 
dinary apiieanuice,  and  the  coral  there  has  every  appearance  of  a 
Thamnaatrira  ;  but  the  continuity  of  tlie  septa,  and  their  curved 
nature,  can  be  readily  understood  by  examining  the  polished  sntfiices 
and  by  comparing  tlicm  with  the  weathered  surfaces  of  a  Jamaican 
Axlraa  gt-andis. 

DiFLoaEnu,  gen,  nov. 

The  corallum  is  massive.     The  eorallites  ore  pol^onal  and  tall, 

united  by  a  well-developed  common  wall,  and  present  an  exteniBl 

cfsnenchymal  space,  an  internal  wall,  whence   arose  the  sqita,  a 

lamellar  columdla,  and  oblique  dissepiineata  between  Uie  oommon 
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and  internal  walls.   Eeproduction  by  gemmation  in  the  coenonchymal 
space. 

DiPLocGsxiA  MOirrroB,  spec.  noT.     PL  I.  figs.  3  a-3  c. 

The  corallitcs  are  crowded,  and  either  hexagonal  or  pentagonal, 
and  they  are  rarely  four-sided.  The  inner  wall  is  more  or  less  cir- 
cular, and  the  coenenchymal  space  varies  in  size  and  in  the  amount 
of  endotheca.  The  external  wall  is  stout,  wavy,  imperforate,  and 
slightly  higher  than  the  internal.  The  septa  arise  from  the  inner 
wall,  and  very  rarely  from  the  outer,  or  from  the  ccenenchymal 
space.  The  laminse  are  linear,  straight,  wide  apart,  and  do  not  all 
project  to  the  columella,  but  one  septum  often  does.  Minute  septa 
ap])ear  here  and  there  between  the  others,  which  are  subequal.  ITio 
septal  number  is  variable.  In  a  small  corallitc  there  are  15  large 
septa  and  3  small ;  in  a  larger,  13  large  and  9  rudimentary  septa ; 
in  other  corallites  19  large  and  5  small  septa,  14  and  4,  and  14  and 
10  septa. 

There  are  no  costaB.  The  columella  is  lameDar  and  flat,  but  very 
distinct,  aud  is  often  joined  to  one  or  more  septa. 

The  endotheca  between  the  walls  is  inclined  and  vesicular,  and 
rather  abundant,  and  that  within  the  internal  wall  and  between  the 
septa  is  very  sparely  developed. 

Diameter  of  largest  condlites  -^  inch,  the  coenenchymal  space 
being  about  ^  inch  wide. 

The  mineralization  is  siliceous ;  and  the  specimen  is  in  the  British 
3Iuseum,  among  the  Antiguan  corals. 

This  is  a  very  remarkable  genus ;  for  it  is,  as  it  were,  a  Litho^ 
rtrotion  of  the  Palaeozoic  Coral-fauna  without  tabulae.  There  is 
nothing  like  it  known  ;  and  the  lingering  of  the  old  type  in  associa- 
tion with  vesicular  endotheca  and  an  irregular  septad  arrangement 
which  is  certainly  not  hexameral  is  very  interesting  and  sug- 
gestive. 

PociLLOPO&A  TEjruis,  spcc.  uov.    PI.  I.  figs.  5  a-5  <?• 

The  corallum  is  large ;  but  the  amount  of  intercoraUite  coenen- 
chyma  is  small  everywhere,  whilst  it  barely  exists  in  some  parts. 
The  tabulae  are  very  delicate,  rather  and  unequally  close,  and  are  often 
marked  with  a  projection — the  columella.  The  intcrtabular  spaces 
do  not  fill  up  with  coral  tissue.  The  septa  are  small,  very  distinct, 
and  are  usuaUy  twelve  in  number;  but  in  some  caliccs  there  are  a 
fcw  rudimentaiy  septa. 

The  corallites  are  usually  crowded,  and  six  occupy  about  ^  inch. 

Loc.  Antigua  (Coll.  Brit.  Mus.). 

The  delicate  tabulae  and  the  patency  of  the  intcrtabular  spaces 
distingoish  this  species.  It  is  interesting  to  observe  in  the  same 
specimen  portions  without  ccenenchyma  and  portions  with  it,  espe- 
cially as  these  two  conditions  are  considered  generic  in  Palaeozoio 
corals  I  P6eiUapwa  crassoramosa,  nobis,  has  much  coenenchyma ; 
and  so  has  P.  Jenkmti,  Benss^  its  nearest  ally,  from  Java, 
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10.  List  of  the  Neiv  Species  of  West-Indmn  Fossil  Corah. 

Trinidad. 
1.  Hcliastnca  cavernosa,  Espcr,  sp.,  recent,  Caribbenn  Sea. 


altissima,  np.  nov. 


5.  AAtra>a  Parinna,  sp.  nov. 
G.  Tsastnca  eonfusa.  sp.  nov. 
7.  Stylophora  ininuta,  sp.  nov. 


3.  Bracbyphyllia  Eckcli,  sp.  nov. 

4.  —  irregularis,  np,  nov. 

8.  Stylopbora  minibilii«,  Duch.  <f-  Mich.,  recent,  Caribbean  Sea. 
9  raristolla,  Def.,  sp..  Miocene  of  Dax. 

10.  Porites  astroides,  Lamarck,  recent,  Caribbean  Soa. 

San  Domikoo. 

11.  Ast^osmilia  comuta,  sp.  nov.  12.  Asterosmilia  cxarata,  sp.  nov. 

13.  Manicina  areolata,  LinnaM,  sp.,  recent,  Caribbean  Sea. 

Jamaica. 

14.  Colimmastnca  Eyrei,  sp.  nov.  (Eocene). 

15.  Plaootrochus  Sawkinsi,  sp.  nov.  (Miocene). 

Antigl'A. 

16.  iroliaBtra?a  insiguis,  sp.  nov.  17.  Stopbanocoenia  Boussi,  sp.  ni»v. 

18.  Lamcllastrsca  Smytbi,  sp.nov.  et  gen.  nov. 

19.  Favoidea  Jungbuhni,  Rcvss,  Java,  Miocene. 

20.  Stvlocoenia  lobato-rotundata,  E.  8f  U.,  Europe,  Miocene. 

21.  Diplocomia  monitor,  sp.  nov.  et  gen.  nov. 

22.  Pocillopora  tenuis,  sp.  nov. 

11.  Tahle  of  the  Sifncnyms  and  Localities  of  all  the  Species  of  the 
West-Indian  Miocene^  Eocene,  and  Cretaceous  CoiWl-fannee. 


Present  Names. 


Synonyms. 


1.  Caryopbyllia  Ghiadalu- 

]>ensis,  Ed.  ^'  H. 

2.  Paterocyatbus    Giiada- 

luponsis,  Duch.SfMirh. 

3.  Paracyatbus  Hcnekcni, 

Dune. 

4.  cmssus,  E(f..  ^  H. . 

5.  Trochocyntbus     comu- 

oopire,"£irf.  4'  H' 

6.  ]aterospinoHiis,£Sc?. 

7. profundus,  X>Mwr. 

8.  obesus,  Mich,..., 

9.  Placocyathua   Barretti, 

Dunc.^ 

10.  — •  variabilis,  Dune* 

11.  -— —  costatuB,  Dune.  ... 

12.  Moorel,  Dune,  . 

13.  FUbellumdulnum,  l>fte. 

14.  exaratum.  Dune. 

15.  Plaootrochus  Sawkinsi, 
Dune, 

16. oostatns,  Dune,  . 

17. Lonsdalei,  Dune, 

18.  —^  alveolus,  DwNr. . 


Localities  &c. 


Cyatbina  Ghiadalu-  GKiadelou])e,  Miocene, 
'pensis,  Ed.  Sc  11. 


I) 


Ji 


Bracbyc^atbusIIe-  San  Domingo,    „ 
nekeni. 


Jamaica, Eocene;  Euro])c,Eocene. 
San  Domingo;  Europe,  Miocene. 


It 


» 


ft 


II 


Jamaica;  Europe, Miocfnc. 
San  Domingo;  Jamaica. 


II 
II 
JanmicA. 


San  Domingo. 
iJamaica. 


II 


If 


San  Dominga 
Jamaica. 


*  Spedee  thus  diwtingnMhfBd  have  varieties  which  have  ben  dflKribed. 


'•] 
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Prcaont  Names. 


DeratotrochiiA     duodc- 

cimcostatus,  Ed.  4'  H. 
iflteroemilia  abnorma- 

lis,  Dune. 

comuta,  Dime.  ... 

exaratAf  Dune.   . . 

rroehosmilia  Laurenti 

DuckoM.  et  Mieh. 
— gracilis,  Duehats,  et 

Mieh, 
Pbnsmilia  nutans,  Du- 

ckoM.  et  Mich. 
rhraanus  corbicula, 

ihtne. 

—  ezoeDtricus,  Dune, 

—  el^gans,  Dune. 
laiyninma  intermedia, 

Dune. 
>iohooGBma  tuberosa, 

!AtbophjUia    aifinis, 

Dune. 
Lntillia  ponderosa,  Ed. 

4*  ^M  sp. 

—  dentata.  Dune.  . . . 
Lonsdaleia,  Dune. 

—  bilobatat,  Dune.  . 

Walli,  Dune 

^eleiophyllia  grandis, 
Dune. 

— -  naTieula,  Dune. . , . 

f anin'na  areoUita,X/wi. 

sp. 

tephanoocenia    tenuis, 

Dune. 

'—  Beussi,  Dune. 

— —  dendroidea,  Ed.  if 
Bdime. 

—  intersepta,  Esper, 
sp. 

ItijllooGniia  sculpta, 
Ed.fH. 

Umbata,  Dutuj,  . 

stroooenia  omata,  Ed. 

— docaphjlla.^.^^ 
tjloooenia  lobnto-ro- 
tondata^^li.  4*^.    . 

—  emaroiata,  Lam, . 


Synonyms. 


Trochocyathus  ab- 
normalis,  Dune. 


Localities  &c. 


San  Domingo ;  Europe,  Miocene. 


If 

»» 


Guadeloupe,  Miocene. 


ti 


» 


Gar^ophyllia  afii- 
nis,  Dune. 

Montlivaltia  pon- 
derosa. 


San  Domingo. 
Jamaica. 
San  Domingo. 


)> 


it 


San  Domingo ;  Jamaica ;  St. 

Thomas;  Trayancore. 
San  Domingo. 


If 
Jamaica. 


San  Domingo. 


tt 


San  Domingo ;  and  recent,  Ca- 
ribbean. 
Antigua. 


>i 


San  Domingo ;  and  recent. 

SanDomingo;  Guadeloupe;  Trini- 
dad ;  recent,  Caribb.  and  Pacific. 
SanDomingo;  Europe. 


it 
Antigua ;  Europe,  Miooene. 


Jamaica;  Europe. 
Antigua ;  Euroi^e,  Miooene. 

Jamaica ;  Europe,  Eocene. 


DL  Duchaaaainff  and  Michelotti  consider  this  to  be  their  Turhmolia 
and  name  it  AntiUia  Guetdmi.  After  placing  tiiis  form  in  the  genus 
fwiia  they  remored  it  to  the  remote  genus  Montlivaltia,  and  finally  they 
0  filnd  it  a  resting-plaoe  in  the  Antillia,  From  the  description  of  Mont- 
2  Guesdemi  I  cannot  admit  that  it  is  my  AntiUia  hilohata.  The  same 
•■  notice  Trocho»miUa  {TurbinoUa)  derUata,  Duchass.,  from  the  Tertiary 
f  Ouadeloupe.  I  hare  not  found  any  species  of  the  genus  in  any  of  tlis 
ma  I  faftTO  eitmmed. 
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Present  Names. 


50. 

51. 

62. 

53. 

54. 

55. 

56. 
57. 
58. 

59. 

60. 

61. 

62. 
63. 
64. 
65. 
66. 
67. 
68. 
69. 
70. 
71. 
72. 
73. 

74. 
75. 
76. 
77. 

78. 

79. 

80. 
81. 

82. 
83. 
84. 


ColuraDastrwa  Eyrei, 

Dune. 
Lamellastrsa    Smythi, 

Dune. 
Eayoidea     Junghuhni, 

Beuss, 
Cueloria    labyriiithifor- 

mis,  Eih's,  sp. 
dens-elephanti."*, 

Dune. 
Astroria      poljgonalis, 

Dttne. 

afllnis,  Dune 

AntigucTi9i(»,/>?/«r. 


Synonyms. 


Looalitiee  &e. 


Jamaica,  Eocene. 
Antigua. 

Java. 

recent,  Caribbean. 


»i 


If 
If 
II 


Jamaica ;  Europe,  Cretaceous. 


Diploria     rrnssolamel 

losa,  Ed.  ^  //. 
Mirandrina  filograna t San  Domingo ;  Antigua ;  reoent> 

Esper,  sp.  j     Caribbean. 
sinuosissima,   Ed I  „ 

SfH.  I  ! 

Heliastrsa  craasolamcl-  Astnra      crassola-  Antigua. 

lata,  Dvne.*,  I     mcUata. 


Antiguensis,  Dnc. 
endothecata,  Due* 

tenuis,  Dune 

Barbadenftis,  Dnc. 
costata,  Dune.  . . . 
cellulosa,  Dune.* 
mesalaxona,  Dfw. 
radiata,  E/Us*,  sp. 
cylindrica,  Dune. . 
AntiUarum,  Dune, 

brevis,  Dune 

•  exsculpta,*   JRaisSf 


Antigucnsis  . 
endotbecata  . 
tenuis 

II 
II 
II 
II 
»i 
II 
II 
II 

San  Domingo. 

Barbadcnsis  . 

costata    

cellulosa 

megalaxona  . 
radiata    

Trinidad;  Barbadoe:». 
recent. 

sp. 

cyatbiformis,  Dnc. 

altissima,  Dune... 

insignis.  Dune.  . . . 

■         caremosa,   Esper, 

sp. 
Cyphastroca      costata, 

jJunc. 
Brachyphyllia     Eckeli, 

Dune. 
—  irregularis,  Dune. 
Astrfpa  crenulata,  J?/^t;i- 

vil/e*. 

idis,  Dune.  ... 


mm 

Pariana,  Dune. 

Isastrsa  confusa,  Dune. 


(ylindrica  ...  San  Domingo ;  Trinidad. 
AntiIlanmi...Montserrat;  Antigua;  San  Do- 

brevis San  Domingo.  [minga 

Jamaica;  Europe,  Cretaceous. 


»i 


Siderastrsca  crenu- 

lata. 
grandis. 


Trinidad. 

f 


»» 


II 


Trinidad,  Quadeloupe  ;  recent. 
Caribbean. 

San  Domingo  ;  Barbuda  ;  Ja- 
maica. 

Trinidad. 


San  Domingo ;  Europe,  Miocene. 


Jamaica;  Antigua. 
Trinidad. 


II 


t  MM.  Duchassaing  and  Michelotti  liaye  found  Maandrina  superficialis,  Ed. 
&  H.,  and  M.  interrupta,  Dana,  in  the  Pliocene  deposits  of  Quadeloupe  and  I 
haye  a  specimen  of  the  first  species  from  a  raised  beach  in  Cuba. 

X  MM.  Duchassaing  and  Michelotti  haye  found  H.  acropora,  Ed.  &H.,  fossil 
at  Guadeloupe ;  it  is  still  existing  as  a  species.  Thev  hare  uiund  Jh'marpkaifrati 
Cmadahipensis,  Duch.  k  Mich.,  in  the  tertiarios  of  the  island  of  Guadeloupe. 
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Present  Names. 


85.  lawtnea  confcrtii,2>u}ic. 
8d.  turbinata,  J>umr.  . 

87.  Solenastrsea     Ellisii, 

Ihtch.  Sf  .Vich. 

88.  Verhelati,  Ed.fH. 


PO. 


TuronensiB,  Mich. 


90.  Plesiastnea    dutans, 

Iktnc. 

91.  globosa,  i)w«f.  ... 

92.  — —  »pongifonm«,i>wc. 

93.  ramea,  J>unc*  . . . 

\H.  Stylophorji  affiniB,Z>«c.* 

95.  rarwteUa,     Ed.  6f 

Ilaime. 

96.  contorta,Z>y;ncr/V, 

pp.* 

97.  minuta.  Dune.  ... 

9?:*.  mirabilis,  Duck.  ^ 

Mich. 

99. granulata,  Dime. 

ICJ.  Di])loc(ruia    mouitor, 

Dvnc. 

101.  Bluxlanea  irregularis, 

Jhine. 

102.  Alveopora     da*dnlica, 

Biainv.*  or  Forsk. 

103.  fenestrata,  Lam. 

lOL  Focillopora     tenuis, 

Dtmc. 

105.  crassoramosa, 

Dune, 

106.  Agarida  agaricitcs,  La 

•marck. 
1107.  undata.  Lam, 


J108.  CrathofleriaHaidiDgeri, 
neuta, 

109.  Pontes    CoUegniana, 

110.  Beussiana,  X>M»(7. 

HI.  astroidcs,  ixtm^. 


Synonyms. 


Localities  &a 


Antigua. 


»» 


St.  Thomas. 

San  Domingo,  Miocene ;  Europe, 

Eocene. 
Antigua ;  Europe,  Miocene. 
San  Domingo. 


Trinidad;  Europe, 
Miorcno. 
Jamaica ;  Europe,  Eocene. 


Trinidad. 


>i 


recent,  Caribbean. 


Jamaica. 
Antigua. 


ri'cent,  Pucilic. 


M 


San  Domingo. 

San  Domingo ;  Trinidad ;  recent. 

Trinidad  ;  San  Domingo ;  recent. 
Jamaica ;  Europe,  Cretaceous. 

San  Domingo ;  Europe,  Miocene. 

Jamaica,  Cretaceous. 
Trinidad,   Guadeloupe  ;    recent, 
Caribbean. 


12.  TahU  of  tlie  Varieties  of  Species, 


Present  Names. 

Synonyms  &c. 

Localities  &c. 

Plaoocyathus  Barretti,  Dune. 
Var.I. 

n. 

Placocyathas  TariabiliSjDunc. 
Var.  I. 
II. 

m. 

IV. 

San  Domingo. 
San  Domingo. 

I  ICM.  Duchowaing  and  Michelotti  Iiayo  given  this  species  a  new  generic 


PROCEEDnrO!)  OF  TOE  OEOLOaiCAL  BOCIETT.  [BcC  4 


Diclicivutniii  lubonmii,  Diiiu: 

Yar.  1. 
Ut'liiutnru  craaralauicUnlu. 


I^n  Domingo. 

AHtnEa    rrasiolaiiiFl- Anli|;iiti. 


IlelinBtnva  ciidotLiTnU.y'i'i 


Eoliwtraii  rcUiilosa,  Diinc. 

Var.  curvnta. 
Hcliustrani  railiatn.  Lami. .. 


Asfr.ca  cmlnllifoata 


Vnr.  ii 


■nniHlia. 


ndiaatiU'S  Aniillaruiii,  Diti 
Tar.  I. 

ArtrnuL  crmiilnta,  Blaine. 

Var.Anlilhmiui. 
Sljlnpliom  ntlinis,  Dioif.... 


AslnmcclliUosa  .... 

Astrna  rod  lata    

A^trira  Acilillarum 
Siderastnea  rreuulnl 


ICcnlinnoi 
i!H. 
Tar.  I. 


StjI. 


ora  contort*.  Lfgnirrii, 


iligua. 


I 


AiTtigua;  Triuidod. 
Uonticrmt;  Anligua. 

Doniingo;  Europe. 

Domingo. 

Sen  Domingo  j  Trini- 
dad. 

Jamaioi. 


Alvri>lionL  Da'dalico,  Blaiae.  , 'Anli^im. 

Viir.  rcgularia.  I 

minor.                       I  I 

rlesiaelritfl  nmea,Dunc. < 

Tar.  I.  ( 

Agaricia  imdala,  Zomi. Trinidad;    San  Do- 

Tnr.  I.  I    miiigo. 


13.  Tlie  Nature  and  Alliances  of  tlie  Corat-fama.—Tbe  tota 
number  of  species  in  tho  Wcst-Tiidian  fossil  Coral-faume  are  th' 
foUon-ing  (Pliocene  Bpecies  are  not  included,  see  note  t,  p.  24)  : — 

Epecies.  Tarietics.     Famw. 

5  0-5 

4  1=5 

103  20      --=  128 


In  CrrtacMHin  ntrata    . 


Of  the  Uiocene  Bpodee  eleven  arc  etill  oziBting,  viz. ; — 

Hftnidna  nreolaU,  Zi'nn.,  BD Caribbean  Sm. 

Slcphanoccpnia  intcrrerita.  £l7)fr,  up Ciribbcon  and  PariSr  Mai 

Umndrinn  filogronii,  A!^pT,  gji Indisn  jksii.  Amnitmnf 

Hinuonnima,  Jid.  4'  Haivt* American  aeaa. 

HeliMtraa  ndiata,  Blli,  ip Caribbenn  Sn. 

~  MTereon,  Biper,  tp.    Caribbeui  Sok 
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Alreopon  Dsdaljea,  Ftffs^S/,  sp Red  Sea  and  Pacifio  Oocan. 

lenestrato,  ixziM^.,  sp Pacific  Ocean. 

Agaricia  agancites,  Xam^.,  sp Caribbean  Sea. 

*— undata,  Zomi:.,  ip Caribbean    Sea   and  Pacific 

Ocean. 
Fontet  a0troidc8,  £am^ Caribbean  Sea. 

Six  species  are  tlius  undoubtedly  represented  in  the  present  Ca- 
ribbean Coral-fauna ;  two  species  are  not  now  found  in  the  Caribbean 
fcMia,  but  exist  in  the  Eed  Sea  and  Pacific  Ocean  ;  and  three  species 
are  found  both  in  the  Caribbean  and  the  Pacific  Coral-fauna). 

Species. 

Caribbean  and  rooent 6 

Pacific  and  Red  Sea    2 

Caribbean  and  Pacific 3 

II 

There  are  several  species  common  to  European  and  other  strata 
and  the  West-Indian  Miocene. 

1.  Trnebocjathus  cornucopia^  Mich^  sp Miocene  of  Tortona,  and 

Vienna  basin. 

^- laterospinosus,  j^.  ^  J?!   Miocene  of  Turin. 

^ ohcsusi,  Michelotti,  Bp Miocene  of  Tortona. 

^  CeratotrochuB  duodccimcoetatiis,  Goi4f-t  sp.  .  Miocene  ofTurin  and  Albergo. 

»»•  Astroccmia  omata,  3firA.,  sp Miocene  of  Turin,  &c. 

^.  Fhjlloooenia  Bculpta,  3/tr A.,  sp... Lower  Chalk  of  Martigues. 

^*  Astrooomia  deea^jlla,  Mich.^  sp Lower  Chalk  of  Gosau. 

^.  Stjlocoenia  lobato-rotundata,  Ed.  ^  H. Miocene  of  Malta  and  Turin. 

^'  Faroidea  Junghuhni,  i?e2»8  Miocene  of  Java. 

10.  Astrsca crenulata,  Croldf.,ep Miocene  of  Bohemia  and 

Plaisance. 

|1.  Stylophora  raristella,  Bef.,  sp Miocene  of  Dax  and  Turin. 

^  Pontes  Collegniaoa,  Jtricii. Miocene  of  Vienna  and  Turin, 

The  species  common  to  the  European  Miocene,  and  the  recent 
Coral-feuna  and  the  West-Indian  Miocene  being  omitted,  there 
r<iinaiiis  a  fauna  which  is  essentially  characteristic  of  the  West- 
ing Miocene.  By  comparing  the  genera  of  this  fauna  with  those 
Mother  faunae,  some  interesting  results  are  obtained. 

AUiancea  of  the  Characteristic  Genera  and  /Species, 

^ophyllia  GfiadalapeiudB,  Ed.j-H.  ...  to  CaryophvllisB  of  Mediterranean 
p^  and  of  Turin  Miocene. 

^^'^yithot  Hiwakeni,  Jhme,  to  Parpjathus  Turonensis,  jB:2f.  #  ^^T., 

^  Turin  Miocene. 

^^^ooejithofp  genus,  Difftc.  to  Placoc^athus  apertus,  Ed.  if  H.^ 

Pll  Pacific. 

^■QcUuin,  genna,  Zen. to  recent  Pacific  and  Miocene  forms. 

^^^oodocfans,  genus,  JBi.  4*  •^^ to  Chinese  and  Pacific  recent  s[)ecieB; 

Australian  Tertiary  species. 

^'I'iUia,  genus,  Dviic.    to  Antilliss  of  Sindh  and  Australian 

^  Tertiaries. 

^^^«ia,  genns,  £tf.  ^  JZ  to  the  genus  as  developed  in  the 

Pacifio  and  Bed  Sea. 
^'^^^MaM^Ei.^K to  Bed  Sea  spedM. 
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StliiatiiKa,  gcauB,  f-d,  ^- II,  lo   Miocene    apcdes,   Wcat-IndUn 

recent,  Pacifle  rwent. 

BrachTplijllia.  gcniu.  RL  <f'  //.  |  to  Bpccip*  uf  tho  Italian  Miocene. 

PIcBiastncs,  genus,  i'rf.  ^- fl. to  Auitraliim,  Indian    Oi«>n.    and 

Caribbem  recent  apecin  »nd 
European  UioMPne  apNips. 

BbodorERi,  f>enuB,  Ed.  Sf  II,  to  Australian,  Chinen.',  nnd  Indian 

Aliocene  "peci&w 

PodlbpoFB,  gcnuB,  ZniJi^, to   spcciea   of  Jara  Miocene,   and 

recent  apnein  frum  FoeiBi-, 
Aurtmlia,  Ccylun,  and  B«l  Sea. 

AlTCOpora,  genus,  in J«t to  ditto,  diUo. 

It  ia  evident  from  this  Tabic  that  the  nlliimcca  of  the  bulk  of  the 
Bpedea  of  thi-  West-Iiidinn  Mioceiio  dq)osits  ore  closest  with  the 
recoiit  Cunil-faUDu  of  the  Tacitic,  ludi^m  Ocean,  Kcd  Sen,  and 
Aiistniliuii  Ho:i9,  anil  with  tlmt  of  the  Miocine  of  tho  Austndian, 
Jiivun,  Kindhiaii,und  Euroiioan  Tertiaries.  It  in  very  romarkabla 
tliiit,  of  tliu  fdiirleeii  genetti  jtist  mentioned,  seren  should  not  Iw  rc- 
prosratod  ill  iho  present  IVcst- Indian  Coral-fauna,  but  that  they  are 
in  the  T^stern  Scnn,  H.  Pacitie.  Indian  and  Kcd  i^ca  fauna;.  In  the 
Jiivnn  Tertiiiriea,  whoso  Corals  Iiave  been  so  ahly  deiwribed  by  Rcuss, 
the  ROiiera  I'ac'dhiwra,  Alv'-oporn,  and  Favnidea  arc  prominent 
mcmlici's ;  but  the  general  appearance  of  tho  Corat-fannn  docs  not 
convoy  tho  idea  that  the  Javan  and  Caribbeau  iliooene  deposits 
had  a  verj-  close  homotaxis.  There  is  that  singular  relation  to 
Eocene  forms  in  the  Javan  Miocene  (which  Mr.  Jenkins  nnd  my- 
self have  alluded  to.  Quart.  Joum,  Gcol.  Soc.  18G4,  vol.  m.  p.  45) 
vcrj-  Btroiigly  developed  in  the  case  of  the  Madreporaria,  This  is 
not  observed'  in  the  West-Indian  Miocene  Coral-faniio. 

ITic  Corals  of  tho  Australian  Tcrtiaries  ore  becoming  better 
known,  and  there  are  sjiiicics  and  genera  of  them  identical  with 
European  Miocene  depoaita  ;  but  the  majoritj'  of  tho  forms  arc  pecu- 
liar. KcTcrthclcssi  tbe  genorn  Ifacotroehtit,  FItdirllum,  Anltllia,  and 
TrorJiovyiilhuf,  which  are  represented  in  the  Caribbean  Miocene, 
and  wliieh  do  not  onst  in  the  recent  West-Indian  Corol-fuuna, 
are  prominent  members  of  some  of  the  Australian  Tortiaiy  Coral- 

fiiUnED. 

Up  to  the  present  time  no  afBnity  can  be  traced  between  the 
Australian  and  the  Javau  Coral -fanute. 

14.  Conchmon. — The  only  Cretaceous  Corals  of  tho  WcBt-Isdian 
Islands  which  have  been  described  ore  from  Jamaica ;  and  they  indi- 
cate tho  former  existence  of  a  Coral-fiinna  singularly  like  that  of  the 
Lower  Chalk  of  Gosau  and  of  Martigncs,  accompanying  a  &nna  of 
IludiatcB.  There  is  an  identity  of  species  between  the  Wcat-Indian 
Cretaceous  Corals  sud  the  European ;  and  tlicre  con  be  no  doubt 
about  these  widely  spread  Lower  Cretaceous  strata  repreaeating  the 
Coral-areas  of  tho  period. 

Jamaica  has  also  yielded  the  species  of  an  Eocene  Coral-fainut ;  but 
they  prove  that  tho  shales  beneath  the  Miocene-beds  hod  a  C<>ral- 
&nna  Uko  tho  London  Clay,  the  Bracklesham  beds,  and  the  Paris 
btuun.    The  CorBl-osscmblago  which  is  charactoriatio  of  tiia  Knin- 
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mulitic  strata  of  Sindh  is  not  represented  in  the  West  Indies  ;  and 
the  widely  spread  species  of  the  London  Clay  and  Bracklesham  ago 
prove  that  there  were  two  Coral-fannas  in  the  Eocene  period,  just  as 
there  are  two  great  divisions  of  Coral-life  at  the  present  day. 

The  Miocene  Coral-fauna  of  the  West- Indian  Islands  had  a  greater 
number  of  genera  and  species  than  is  possessed  by  the  existing 
Coral-fauna  of  the  Caribbean  Sea. 

Moreover  the  variety  of  solitary  or  simple  Corals,  whose  existing 
analogues  live  in  deep  but  not  in  profoundly  deep  water,  was  as 
marked  a  peculiarity  of  the  Midtertiary  fauna  as  the  comparative 
absence  of  such  species  is  of  the  existing  fauna.  In  fact,  the  Mio- 
cene Coral-fauna  of  the  Antilles  bears  a  very  creditable  comparison 
with  that  which  dwells  in  the  oceans  and  seas  between  Easteru 
Africa  and  the  Western  coast  of  America.  There  is  ever}'  kind  of 
sea-bottom  in  the  great  Indo-Pacific  Coral-sea,  besides  great  variation 
in  the  depth  of  the  sea  and  in  the  external  conditions  affecting 
Madreporarian  life.  Consequently  there  are  solitary  Corals  there  in 
abundance,  and  the  commonest  solitary  species  of  the  West-Indian 
Miocene  have  more  or  less  close  allies  in  some  area  or  other  of  the 
great  ocean. 

It  appears  that,  whilst  Jamaica,  San  Domingo,  and  Guadeloupe 
present  solitary  species  mixed  with  those  indicating  shallow  wat^r 
and  a  reef,  Antigua  and  Trinidad  offer  for  consideration  only  reef- 
species.  There  existed  therefore,  in  all  probability,  a  barrier-rccf  in 
moderately  deep  water  in  the  northern  part  of  the  former  Coral-sea, 
and  atolls  and  abyssal  depths  near  the  Atlantic. 

It  is  worthy  of  remark  that  the  commonest  genera  of  the  reefs 
now  existing  around  and  about  many  of  the  West- Indian  Islands 
are  Porites,  MtUtpora,  and  Madrcpora,  Now,  there  is  hardly  a  trace 
of  these  in  the  Miocene  deposits,  and  they  are  represented  by  tlio 
genera  Pocillopora  and  Alveopora,  which  are  characteristic  of  Pacific 
reefs,  and  which  have  no  species  now  living  in  the  Caribbean  Sea. 

The  identity  of  several  Antiguan,Trinitatian,  Jamaican,  and  San- 
Domingan  species  with  those  long  considered  characteristic  of 
many  European  Miocene  deposits  was  thought  to  bear  strongly  upon 
the  question  of  a  Miocene  archipelago  connecting  the  Pacific  with 
the  West- Indian  and  the  Mediterranean  seas,  or  rather  the  areas 
about  them  which  were  coralliferous.  The  affinity  of  the  Miocene 
Coral-species  of  the  West  Indies  with  those  of  the  Miocene  of 
Travancore  and  Java,  the  identity  of  some  species  of  the  Mollusca, 
Echinodermata,  and  Foraminifera  in  the  Antillian  deposits  and  in  tho 
Faluns,  tho  Maltese  limestones,  and  the  Miocene  beds  of  Asia  Minor, 
and  the  recent  discovery  of  a  dominant  Autiguan  Miocene  Helias- 
trsean  in  tho  Miocene  of  Madeira  tend  to  tho  belief  in  the  former 
existence  of  a  belt  of  scattered  islands  where  there  is  now  no  trace 
of  land,  and  that  the  Atlantic  and  the  great  sea-desert  of  tho  Eastern 
Pacific  were  Miocene  Coral-tracts-  Th^  theory  was  considered  in 
my  earliest  communication  on  the  fossil  Corals  of  the  West-Indian 
Islands  ;  and  a  further  examination  of  its  merits  may  perhaps  impress 
geologiAtB  of  its  truth ;  for  there  are  evidences  that  this  connexion 
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between  Bouthem  Europe  and  the  Antilles,  and  probably  witb  the 
l^ocific,  was  kept  up  during  the  deposit  of  the  Crag,  and  even  into  the 
Glacial  pcri(xl.  Few  facts  in  the  natural  hbtory  of  late  Tertiary 
times  are  more  interesting  than  the  dispersion  of  the  Crag  Mollusca ; 
and  the  discovery  of  numerous  species  of  them  living  on  the  west. 
Pacific  coast  of  North  America,  and  of  some  in  the  West  Indies,  is 
as  inipoi-tant  as  that  of  the  ofi&hoots  of  the  Mediterranean  algae, 
whicli  do  not  exibt  to  the  north  of  Florida,  but  which  flourish  in  the 
neighbourhood  of  the  Coral-tracts  of  the  northern  part  of  the  Ca- 
ribbean Sea,  constituting  one-third  part  of  the  marine  flora.  The 
I'ccent  Coral-fauna  of  the  Caribbean  Sea  has  several  genera  with  a 
very  decided  modern  Mediterranean  fades ;  it  has  none  of  the 
commonest  gcnerii  of  the  Pacific  Coral-fauna ;  and  it  has  been  already 
observed  that  the  distinction  between  the  Miocene  Coral- forms  of  the 
"West  Indies  and  those  now  existing  there  is  very  gifat. 

It  is  most  probable  therefore  that  "with  the  gradual  elevation  of 
the  vast  tracts  of  reef  and  of  sea-bottom  in  the  Caribbean  Sea,  and 
on  all  sides  of  it  except  the  east,  there  must  have  been  such  idtcra- 
tions  in  the  general  contour  of  the  sea-shores,  such  modifications  of 
land-drainage,  and  so  many  adverse  external  conditions,  that  the 
species  of  solitary  Corals  especially  must  have  suffered  rapid  extinc- 
tion, and  the  reef-species  must  have  dwindled  down  and  given 
way  to  the  hardy  Poriks  and  Madrepora  so  characteristic  of  the 
present  reefs  of  the  Antilles. 

The  whole  of  the  Madreporana  are  incapable  of  any  other  kind  of 
migration  than  by  the  dispersion  of  ova  by  currents  in  the  sea.  The 
ova  are  ciliated,  and  readily  attach  themselves  to  substances ;  but 
they  require  for  their  growth  and  development  the  same  external  con- 
ditions as  the  mature  forms.  The  external  conditions  have  been  00 
fully  described  by  Darwin,  Dana,  and  others,  that  it  is  only  necessary 
to  observe  that  the  conditions  are  so  peculiar  that  the  discovery  of 
unrolled  Madrepoi^na  in  fossiliferous  deposits,  at  once  satisfies  the 
geologist  that  the  peculiar  physical  state  of  things  was  there  present. 
Verj'  sliglit  alterations  in  the  physical  geograjihy  of  a  Coral-tract  in- 
terfere with  Coral-growth,  and  destroy  it  if  they  are  persistent.  The 
value  of  the  e\'ideiice  afforded  by  fossil  Corals  is  therefore  great ;  and 
in  estimating  it  the  fact  must  be  considered  that  several  gi*ncra  of 
the  Gasteropoda,  many  species  of  perforating  Mollusca,  and  several 
genera  of  fishes  depend  upon  Coral-life  for  their  existence. 

The  Orinoco  drains  a  vast  Tertiary  region,  and  shuts  in  the  Coral- 
life  of  the  Caribbean  on  the  south ;  for  no  corals  can  live  near  its 
waters  ;  the  Florida  reefs  consist  of  few  species,  and  the  corals  of  the 
Bermudas  are  the  most  northerly  Madreporaria ;  and  there  are  no 
reefs  in  the  Atiantie.  It  therefore  happens  that  the  species  of  the 
present  Cari1)bean  Sea  are  singularly  localized ;  and  this  separation 
from  the  influences  of  the  Pacific  Coral-tracts  dates  principally  from 
the  commencement  of  the  upheaval  of  the  Miocene  deposits  of  the 
Isthmus,  although  it  is  probable  that  the  isthmus  did  not  become 
compI(>te  until  during  the  Pliocene  age.  There  is  some  reason  in 
the  conjecture  that  the  upheaval  of  tiio  whole  of  the  Antilles  was 


1867.]  DUKCAK — ^WEST-rroiAir  corals.  31 

synchronous ;  for  the  dip  of  the  strata  is  constantly  from  tho  centre 
of  the  space  whose  circumference  is  indicated  by  the  present  An- 
tilles :  and  if  this  was  so,  there  is  a  probability  that  the  areas  of 
more  or  less  contemporaneous  subsidence  were  in  the  Eastern  Pacific, 
and  between  the  West  Indies  and  Madeira. 

The  paleontology  of  the  raised  reefs  and  coralliferous  strata  of 
the  Pacific  Archipelago  is  in  its  infancy ;  and  tho  examination  of  the 
\[adreporarian  remains  will  be  of  the  greatest  interest.  It  is  hoped 
that  the  descriptions  of  the  fossil  Corals  of  the  "West  Indies  will 
assist  these  investigations,  and  that,  following  Eeuss  in  his  studies 
of  the  fossil  Corals  of  Java,  the  affinity  between  the  Miocene  Coral- 
reefe  of  the  Pacific  and  West  Indies  may  be  firmly  established. 

Postscript. — Since  this  communication  was  read,  I  have  received 
the  Proceedings  of  the  Essex  Institute,  United  States,  for  February 
21, 1866.  Mr.  N.  S.  Shaler  read  on  that  date  a  paper,  "  Notes  on 
the  Modifications  of  Oceanic  Chirrents  in  Successive  Geological 
Periods."  He  states,  p.  302,  **  No  palaeontological  evidence,  tending 
to  piove  the  former  connexion  of  the  Atlantic  and  Pacific  Oceans  in 
intertropical  regions,  has  yet  been  published,  so  far  as  is  known  to 
the  author."  Whilst  I  regret  that  Mr.  Carrick  Moore's  able  palceon- 
tologieal  proofs  were  unknown  to  Mr.  Shaler,  and  that  those  I 
have  published  have  not  reached  the  Essex  Institute,  it  is  satisfac- 
tory to  find  the  author  of  the  *  Notes '  writing  thus  about  the  up- 
heaval of  Central  America  :— **Tho  emergence  of  this  region  could 
not  hare  accomplished  the  disruption  of  the  equatorial  current  at 
this  point  until  the  Tertiary  period  had  been  somewhat  advanced.'* 
This  is  a  satisfactory  conclusion,  and  is  very  creditable  to  the  per- 
spicuity of  Mr.  Shaler ;  for,  as  he  does  not  allude  to  the  labours  of 
Forbes  and  Godwin-Austen  and  Maury  in  any  part  of  his  essay,  we 
^y  take  for  granted  that  he  had  not  the  benefit,  as  wo  have,  of 
to  researches. 

Mr.  A.  E.  Verrill  gives  some  very  interesting  notes  "  On  the 
Hn«  and  Corals  of  Panama,  with  descriptions  of  Now  Si)ecies," 
JW.  Essex  Institute,  p.  323,  April  18,  18C6.  He  states :— "  The 
"ifferences  in  the  character  of  the  Polyp-fauna  of  the  Atlantic  and 
Pacific  sides  of  Central  America  are  very  remarkable.  At  Aspin- 
vall  coral-reefs  occur  having  essentially  the  same  features  as  those 
^^  Florida  and  the  West  Indies.''  "  But  at  Panama  none  of  these 
fonns  occur,  nor  even  any  of  the  genera  of  the  families  to  which 
"^^  belong,  with  tho  exception  of  Pontes"  "  The  Millepora  aid- 
^niii,  BO  abundant  on  the  Atlantic  side,  even  at  Aspinwall,  is  not 
'^'escnted  at  Panama ;  but  Pocillopora,  an  almost  exclusively  Pacific 
^d  Indian-Ocean  genus,  is  the  most  nearly  allied  form  found  at 
Fanama."  Mr.  Verrill  proceeds  to  notice  the  existence  of  the  genus 
'^fnwfia  as  peculiarly  characteristic  of  the  Panama  region.  He 
*^:— "These  remarkable  differences  between  the  two  faima3  do 
^  fcvour  the  theory  that  has  been  entertained  by  some  geologists, 
^^  there  has  been  a  communication  between  the  two  oceans  at 
^  pointy  and  that  the  golf-stream  flowed  across  the  isthmus  into 
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tlio  Paeilio  within  comparatively  recent  geological  times."  Mr.  Verrill 
sums  up  thus : — "  Therefore,  had  the  gulf-stream  ever  flowed  across 
the  isthmus  since  the  commencement  of  the  Tertiary  period,  we 
ought  to  find,  if  not  living  corals  identical  with  those  at  the  Vest 
Indies,  at  least  elevated  remains  of  former  reefs  of  similar  kinds,  no 
traces  of  which  are  yet  known."  I  must  refer  Mr.  Vtrrill  to  the 
**  traces  "  published  by  lleuss  as  regards  Java,  by  Mr.  Carrick  M«»re 
and  Mr.  Gui)py  concerning  Jamaica  and  Trinidad,  and  by  myself  in 
the  "  FoSvSil  Corals  of  the  West-Indian  Islands." 

Whilst  tliis  communication  was  passing  through  the  press,  the 
Bociety  received  the  *  Memorie  della  llcalc  Accademia  dolle  Scionreai 
Torino,'  Serie  Seeonda,  vol.  xxiii.  1866.  In  this  volume  therein 
a  most  elaborate  and  valuable  contribution  by  M^t.  P.  Duchassaing 
de  Foubressin  et  Jean  Michelotti,  in  the  form  of  a  supplement  t< 
their  essay  on  the  Coralliaii'cs  des  Antilles,  which  was  noticed  i| 
the  first  part  of  the  "  Fossil  Corals  of  the  West-Indian  Island^- 
This  important  supi)lementaiy  essay  appears  to  have  been  read  ^ 
May  3,  1S()3,  but  was  only  published  in  1800;  consequently  M3 
Duchassaing  and  Michelotti  had  not  received  my  essay  on  the  Geolos 
of  Jamaica,  February  1805,  when  they  wrote ;  but  it  was  publish 
long  before  their  essay  was  printed.  Several  species  which  I  ho 
described  are  therefore  not  included  in  their  list  of  fossil  C-orals. 

It  is  very  interesting  to  notice  how  the  careful  studies  of  tli< 
naturalists  tend  to  enhance  tho  views  I  have  advocated,  and 
prove  that  the  Miocene  and  existing  Coral-fauna  of  the  Caribbc 
are  very  different.     I  have  introduced  some  of  the  facts  collected 
^IM.  Duchassaing  and  ^lichelotti  in  footnotes,  and,  whilst  ackno 
ledging  the  studious  care  with  which  they  have  recorded  my  laboti 
I  venture  to  make  the  following  remarks ;  for  it  is  evident  that 
some  subjects  there  is  a  mutual  misconception.     With  reganl  to  f 
retaining  the  genus  t\f/nthina  instead  of  Curifophj/lhi.     FoUowi 
the  procedure  uf  MM.  Milne-Edwards  and  Jules  Haime,  I  adopt 
"  Cynthiiia,'^  and,  like   those    pakcontologists,   when   I   saw  tl 
CnniophiilUa  ought  to  have  pnority,  I  adopted  what  ^Fessrs.  M 
Duchassaing  and  Michelotti  term  "  Co  proccde  tros-logique."    In  i 
supplement  to  tho  **  JJriti^h  Fossil  Corals,"  ralieontological  Socie 
London,  180(),  this  fact  is  obvious. 

In  my  "  Geology  of  Jamaica,"  which  forms  part  of  tliis  scries 
*  Essays  on  tho  West  Indian  Fossil  Corak,'  February  1S65,  it  will 
observed  that  I  am  also  "  trcs-logique ; "  for  I  follow  MM.  Mill 
Edwards  and  Jules  Haime,  and  term  Astnm  *^  Heliastrmu^^  The  i 
nonjrmy  of  the  fossil  Corals  which  I  have  given  I  trust  will  sati 
my  fellow-labourers  in  Wost-Indian  Geology.  CarjfophylUa  B 
terinna,  Duchass.,  is  a  recent  s]>ceies  at  Guadelouixs ;  and  thcref 
there  is  a  (Cifatlihia)  CaryopluflUa  in  the  Caribbean. 

I  do  not  think  that,  because  several  Placocyaihi  have  been  foi 
fossil  in  the  Wost-Iudian  Miocene  deposits,  P.  apertuSy  a  reo 
form,  whose  habitat  is  unknown,  should  have  a  Caribbean  habi 
given  to  it,  but  the  contrary. 

MM.  Duchassaing  and   Michelotti   notice  fhat^  although  tl 
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describe  fire  species  of  Desmophyllum  from  the  recent  Caribbean 
Coral-fauna,  it  is  <<  pourtant  Ringulier  "  that  I  should  not  mention  a 
nngle  fossil  species.  Now  this  proves  to  me  that  my  able  fellow- 
labourers  only  study  "  d*autres  ouvrages,  outre  ceux  qu'on  publie 
en  Angleterre  "  (p.  157) ;  for,  according  to  what  I  have  written,  it 
Tould  be  "  pourtant  singulicr  "  if  there  were  fossil  species  of  Des^ 
mphyUum  in  the  West- Indian  Miocene.  Mr.  A.  E.  Verrill  will  find 
many  species  of  the  genus  Astrangla  noticed  in  the  Caribbean  Sea. 
M.  Duchassaing  and  Michelotti  give  a  Silurian  age  to  Favosites 
Dittzi^  Duch.  &  Mich.,  and  F,  Sanctl  TJiomce,  Duch.  &  Mich.  I 
retain  my  species  LiOiophylUn  affinis,  as  it  presents  sufficient  struc- 
tural differences  to  prevent  its  being  called  L,  lacera. 

The  Isastrcra  I  described  has  spines  on  its  septa,  and  only  the 
base  has  been  rolled  or  shows  the  effects  of  rolling ;  this  is  clearly 
stated  iu  the  description  of  the  species.  It  is  impossible  to  confound 
^T  species  of  the  genus  with  Plesiastrcea,  whose  calices  are  free  and 
vhcwe  septa  have  pali. 

EXPLANATION  OF  PLATES  I.  &  H. 

Plate  I. 

^?- 1.  a.  Cofumnagfraa  Eyrei,  sp.  nov.    The  corallum  nat.  size. 
b.  Calices  magnified. 

2.  a.  La)nellwsfr<ta  Smythi,  8p.  nov.    Transverse  section,  nnt.  size. 
h.  Transrerse  section  of  corallites,  magnified. 

3.  a.  Diplocctnia  monitor^  sp.  nov.    Transverse  section,  nat.  size. 
h.  Tbe  same  section,  magnified. 

r.  Longitudinal  section,  magnified. 

4.  Udiastraa  insiyniSf  sp.  nov.    Transverse  section  of  a  corallite,  mag 

nified  2  diameters. 

5.  a.  Podilopora  tenuis^  sp.  nov.    Transverse  section,  nat.  size. 

b.  The  same,  magnifiea. 

c.  Longitudinal  section,  magnified. 

Plats  II. 

!•  Sftphanocctnia  Reussi,  sp.  nov.    Truisverse  section,  magnified. 
'<2.  a.  Ptncofrockits  Sawkinsi,  sp.  nov.    Corallum,  natural  size. 

b.  The  calice,  slightly  magnified. 
3.  Heliasfr^pa  altisAinia^  8p.  nov.     Calice,  magnified. 
f>  Btachyphyllia  Eckeli^  sp.  nov.    Calioos,  magnified. 
•*•  —  irregularis,  spec.  nov.    Calioes,  magnfied. 
C*  Itaatrma  co^fuaa,  spec  nov.    Calioe,  magnified. 
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1.  The  Atpa  and  the  HntAiAris,  a  Geological  Compahibos. 
By  HiiNBT  B.  Medhcott,  A.B.,  F.a.S. 

(Bead  JuueS,  18G7*.) 

T.  Intrcxtuclion.                                     |  m.  SbMfh  of  some    SuUiimalaju 

II.  Xotii-o  of  ouiTcnt  opiuioiu  on  |  wctioni. 

Alpino  suotioTU.                         I  IT.  Suggoted  paralleliini  of  the  Al- 

I  pine  and  SubUnuJl^aD  Kctionl. 

I.   IlfTBODUCTIOX, 

In  tho  i«uinmi>r  of  ISfl-5, 1  obtained  six  months'  leavo  of  absence  from 
Indiu,  ahvr  elcvoii  yuars  of  continuous  residence.  I  was  anxious  to 
mako  tile  moft  of  tho  brief  ojiportunity  to  bring  my  thuug^ts  into 
I'olatioM  with  those  of  the  vrorlung  geologists  of  Europe.  My  best 
uTuiluble  means  of  doing  this  was  to  visit  some  veU-known  ground, 
and  to  study  what  bad  been  wiittcn  of  it.  For  sucfa  a  purpose  I 
VIOR  most  fortunate  in  being  able  to  select  the  Alps.  No  region  hss 
been  more  explored  aud  written  about ;  and,  as  much  of  my  own 
work  iu  India  had  been  upon  certain  portions  of  tho  Himalaya 
range,  it  had  long  been  my  dedre  to  compare  my  sectitnu  wil^ 
analogous  ones  iu  regions  geologically  classical.  ITie  opportunity 
was  so  brief  and  without  prospect  of  renewal,  that  I  tliouf^t  it  beat 
for  my  purpose  to  take  a  rapid  view  of  a  large  ares,  rather  than 
attempt  the  close  examination  of  any  one  locdity.  Accordingly  I 
t'evotcd  oao  month  to  tho  outer  Alps,  between  the  lake  of  Constance 
and  Grenoble, — tlie  Molosso  and  its  relations  to  tho  monntoin-mnga 
being  the  points  to  which  my  attention  was  lipecially  directed.  Im- 
mediately upon  my  arrival  in  India,  at  the  beginning  of  the  cold 
season,  I  hod  to  atari  into  camp.     It  has  only  been  since  my  tetom 
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to  Calcutta  duriog  the  monsoon  that  I  have  had  the  opportunity  of 
Ifiokiug:  into  the  literature  of  Alpine  geology ;  and  I  now  venture  to 
offer  the  following  paper  as  a  small  contribution  to  the  subject. 

The  progress  of  geology  has  not  been  equal.  The  more  attractive 
branches  have  been  cultivated  far  beyond  those  that  seem  less 
attractive ;  thus,  as  both  must  frequently  appear  before  the  public 
together,  the  effect  is  very  incongruous.  Such  is  the  case  presented 
in  even  the  most  recent  works  on  the  geology  of  the  Alps.  Along- 
side of  the  refined  investigations  of  comparative  palteontology,  one 
finds  stratigraphical  features  treated  most  loosely — from  the  point 
of  view  of  assumption,  and  with  little  or  no  examination  of  evidence. 
The  very  language  used  in  many  cases  would  suggest  that  these 
structural  phenomena  were  the  performances  of  some  uncanny  moun- 
tain-sprites, rather  than  of  forces  or  processes  nvith  which  we  had 
auy  chance  of  becoming  acquainted.  The  mischievous  effectsof  this  are 
widespread ;  besides  shakiDg  the  scientific  ci*edit  of  the  men  who 
can  issue  such  uncritical  work,  and  hence  suggesting  doubt  in  the 
value  of  their  more  special  work,  a  shadow  of  darkness  is  thrown 
over  the  whole  science.  Stratigraphy  in  these  mountain-regions 
in  still  appealed  to  in  support  of  notions  that  have  long  since  been 
rufuiWMl  general  acceptance  in  geology.  It  seems  to  be  forgotten  that 
stratigraphy  is  the  foundation  of  geology,  as,  without  the  initial  phy- 
sical fact  of  sedimentary  superposition,  palffiontologj',  as  we  know  it, 
could  have  had  no  existence.  It  is  surely  very  unwise  of  the  stu- 
dents of  this  younger  branch  so  soon  to  assume  its  independence, 
while  many  of  the  positions  from  which  it  now  provisionally  works 
are  still  unproved.  This  mututd  development  is  not,  indeed,  likely 
to  take  the  exact  form  imagined  by  M.  Barrande,  in  his  speculation 
on  the  relations  of  the  haute  strati (jraphie  to  the  haute  paUontologie*  ; 
but  that  the  problem  will  one  day  or  other  bo  worked  out,  no  true 
naturalist  will  doubt.  For  the  present,  however,  neglect,  not  to  say 
contempt,  .<ieems  to  have  fallen  upon  stratigraphy  among  a  large 
section  of  professing  geologists.  By  some  the  word  is  even  appro- 
priated to  a  department  of  paloDontology,  to  indicate  merely  the 
hahitat  of  fossils :  M.  Marcou  says  t»  **  En  stxatigraphie  il  n'y  a  encore 
a  rheuro  qu'il  est,  qu'un  seul  principe  de  vrai,  de  bon,  d'utile  ;  e'est 
do  voir  avec  la  plus  grande  exactitude,  tout  ce  qui  se  trouve  dans 
chaquo  couche  de  roches."  Elsewhere  (p.  4d)  the  same  author  seems 
to  make  orography  the  geological  complement  of  his  "stratigraphy," 
assigning  England  as  the  birthplace  of  the  latter,  and  Switzerland 
of  the  former.  It  would  seem  preferable  to  leave  the  word  oro- 
graphy, us  indicating  the  purely  superficial  features,  to  the  physical 
geographer ;  and  to  use  the  term  stratigraphy  (in  the  same  sense  as 
11.  Barrande)  to  mean  the  structure  of  the  earth,  the  relations  of 
rock-masses,  as  exhibiting  the  mode  and  sequence  of  events.  If 
orography  be  used  in  this  signification  (as  implying  the  explanation 
of  superficial  configuration),  Switzerland  has  scarcely  justified  M. 
Marcoa*8  dictum ;  it  has  been  the  stumblingblock  rather  than  the 

•  BnlL  See.  G^L  Frsnce,  2*  B^rie,  toI.  xi.  1853-54,  p.  311. 
t  M.  J.  Maroou, '  Lettres  iur  lee  roofaes  da  Jura,'  Pwii,  1860,  intr.  p.  9. 
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giii(l(i  to  raiioniil  p;oolon:y.  M.  Thunnann's*  elaborate  classification 
of  the  stniutuiMl  I'oatuiu^s  of  the  Jura  scMJins  to  Lave  led  to  no  fur- 
ther conclusit)!!  than  that  the  contortions  wore  produced  by  latend 
prc?ssure. 

One  must  have  visited  alpine  regions  fully  to  understand  how  in- 
di8i)eiisabl(^  paliuontolojy  is  to  the  field  geologist.  It  would  be  all 
but  impossible  to  discover  the  structure  ^of  many  large  areas  (and 
how  much  more  so  to  assign  the  appropriate  relative  ages  to  the 
several  rock-groups  I)  without  the  sure  criterion  of  the  fossil  remains. 
But  it  must  not  ])e  forgotten  that  this  bare  strutturo  and  these 
relative  ages  are  but  a  i)ortiou  of  the  mere  data  upon  which  a  geo- 
logical historj-  of  the  region  is  to  be  founded. 

It  has  of  vcn  occurred  to  me  that  geologists  are  guilty  of  a  general 
incon»ist<jncy  in  taking  so  little  account  of  subsidence  in  the  dis- 
cussion of  ])honome!ia  of  disturbance.  Subsidence  is  often  intro- 
duced to  admit  of  the  continued  accumulation  of  deposits  ;  but. 
to  account  for  the  disturbance  of  strata,  upheaval  and  intrusion 
arc  the  agencies  commonly  appealed  to.  Yet  in  the  most  gimerally 
accepted  theory  of  geogeny,  the  dominant  character  is  slirinking  ami 
th(;  consequent  depression  of  the  surface.  The  leading  speculations 
upon  erust-movementrt  have  indeed  proceeded  from  the  x)oint  of  view 
of  this  theuiy;  but  J  am  now  alluding  to  the  lesser  features  of 
disturl)ance — the  dips  and  strikes  which  fonn  the  elements  of  actual 
observation.  If  that  theor}'  be  true,  the  features  resulting  from 
depression  should  greatly  predominate  in  the  detail-structure  of  the 
earth's  crust.  I  am  ftir  from  insisting  that  li-jtriori  views  shoidd 
regulate  rigidly  our  interpretations  of  phenomena.  It  would,  on 
the  other  hand,  be  more  in  accordance  with  rational  methods  of 
research  that  those  views  should  bo  taken  into  account,  if  it  were 
only  for  the  purpose  of  verification.  In  the  case  of  the  grand 
cosmological  speculation  of  Laplace,  the  study  of  the  earth's  stnicturc 
is  almost  the  only  direct  test  we  can  apply.  The  opposite  course 
has  been  adopted :  not  oidy  have  the  suggestions  of  this  theory  been 
dlsi-egardcd,  but  the  i)08itive  indications  of  mechanical  laws  have  been 
sot  aside  to  waq)  obser\'ations  into  agreement  with  our  superficial 
prepossessions.  Many  a  scientific  man  cannot  see  a  hill  without 
taking  for  granted  that  it  has  been  upraised,  and  attributing  aU  its 
features  to  that  process.  In  the  particular  cose  before  us,  tihe  con- 
tortion of  the  Molosse  is  to  this  day  the  accepted  proof  of  the  last  and 
greatest  upheaval  of  the  Alps.  It  con  scarcely  be  necessary  to  say  that 
such  contortions  can  only  indicate  yielding,  and  hence  on  equivalent 
settlement  of  the  mass  from  which  the  pressure  is  communicated, 
flex  arcs  may,  indeed,  accompany  an  upheaval ;  but  if  ao  they  must 
be  a  negative  element  in  the  total ;  and  it  is  stepping  beyond  the 
limits  of  legitimate  inference  to  take  them  primd  facie  as  evidence 
of  upheaval.  Such,  however,  is  the  only  explanation  offered  of  the 
flexures  of  the  Tertiary  strata  at  the  base  of  the  Alps,  no  account 
being  considered  necessary  of  the  supernatural  force  demanded  for 

"*  Bull.  Soc.  Oeol.  Fronoc,  2"  s^rie,  vol.  ii.  1853,  p.  41.  I  do  not  know  if  the 
woik  of  which  (his  pa^wr  is  but  a  prodrome,  eror  appeared. 
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80  peculiar  a  process.  The  united  efforts  of  expansion  and  gravitation 
Bcem  to  me  unequal  to  the  task.  Is  it  not  absolutely  certain  that  any 
natural  lateral  force  in  the  shell  of  our  globe  can  bo  neither  more 
nor  less  than  a  component  of  gravitation — of  the  centripetal  force, — 
and  thus  that  any  consequent  compression  must  indicate  a  total  re- 
sult in  the  same  direction  ?  I  cannot  pretend  to  p  ,cak  with  any 
authority  on  a  (question  of  pure  mechanics ;  nor  do  I,  in  using  the 
■word  "  supernatural "  attempt  to  dictate  the  impossible ;  it  is, 
however,  a  maxim  that  definite  scientific  speculation  should  keep 
within  sight  of  ascertained  facts.  The  accepted  inteipretawions  of 
Alpine  sections  seem  to  me  to  transgress  this  maxim.  I  have  not 
found  any  very  circumstantial  explanation  of  the  upheaval  appealed 
to  in  those  accounts ;  but  the  alleged  result  seems  to  me  to  necessitate 
the  conception  of  this  moimtain-mass  as  of  a  very  acute  wedge,  dis- 
continuous from  the  enclosing  matter  (like  tlie  bung  in  a  barrel), 
driven  outwards — not  by  any  general  expansive  force,  for  such  must 
act  with  equal  or  greater  effect  upon  the  contigiio.is  matter,  which 
(not  being  hooped  down)  would  rise  rather  than  be  compressed, 
but  by  some  peculiar  force  acting  only  on  the  wedge.  The  onus  of 
discovering  such  a  force  must  rest  with  those  who  have  evoked  it. 
I  would  rather  suggest  that  these  features  of  conto  tion  be  taken  only 
for  what  they  prima  facie  imply — the  sinking  of  the  mountain-mass. 
Subsidence,  or  at  least  shrinkage,  as  exhibited  by  the  compression 
of  strata,  is  seen  in  every  region  of  the  earth.  In  these  matters 
geologists  seem  to  have  retrograded  from  the  \dcw8  of  Dcluc  and 
other  early  fathers  of  the  science*. 

Actual  observation  has  placed  beyond  doubt  the  fact  of  small,  but 
rapid,  elevation  of  large  areas  of  the  earth's  surface.  Long- con  tinned 
dow  rising  is  also  an  established  fact.  It  is  foi  vdnate  we  have 
this  information ;  for  it  were  difficult  to  say  what  co  ild  be  the  posi- 
tive siraiigraphical  evidences  of  upheavjil.  Tlie  bi«rsi;-bub])le  per- 
formance, which  is  so  largely  accepted  as  accounang  for  the  structuro 
in  the  central  regions  of  the  Alps,  is  quite  at  variance  vni\i  all  wo 
know  of  natural  phenomena.  As  evidence  of  actual  upheaval,  tho 
presence  of  marine  deposits  above  the  sea-level  is,  generally  si)eaking, 
indisputablef.  With  reference  to  deposits  not  marine,  a  large  correc- 
tion must,  however,  be  introduced  into  Alpine  geology.  Tlie  recently 
recognized  power  of  rain  and  rivers  to  form  extensive  deposits  at 
any  level  will  no  doubt  remove  the  necessity  for  miich  of  the  pro- 
digious rising  and  sinking  hitherto  demanded  to  account  for  such 
non-marine  deposits,  both  in  Posttertiarj  times  and  during  tho 
Holasse  period. 

♦  BulL  See.  Qio\.  France,  2*  wkr.  toI.  vii.  p.  54. 

t  The  aasomption  of  the  absolute  permanence  of  the  Hca-leTcl  (tbat  its  lerel 
has  permanentlj  maintained  the  same  rndial  distance  from  the  centre  of  tlie 
eartn)  has  quidJy  taken  the  position  almost  of  a  postulate  in  geological  induc- 
tioii.  The  notion  is  inconsistent  with  any  progressionist  doctrine,  essentially 
so  with  Laplace's  theory.  A  very  graTe  obstruction  may  thus  be  introduced 
into  the  diaooarioa  of  questions  where  very  remote  conditions  may  bo  conoomcd, 
■•  in  this  quBitioa  of  mountain-ilmeture. 
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From  what  I  haro  nircndj-  snid,  it  will  not  be  c.Tpceted  that  I  can 
attempt  to  add  to  oui-  kimwli'dge  of  tho  Aljis  by  more  detiiilcd  ob- 
servations of  thfir  rock -features.  3Iy  siifrpostions  muBt  Anivo  thi-ir 
force  from  other  regions,  I  saw  eiitiugh  of  the  Bulinlpine  ground 
to  assure  mc  that  it  jircscnts  a  close  parallel  in  freological  history  to 
tho  Subhimalayaii  rcjiion.  Tho  original  aud  Iho  xupcvindui-od 
characters  in  tho  two  are  strikingly  siinilar.  A^TiateTer  mode  of  cx- 
plaiiation  suits  the  one  must  fit  the  other.  Tho  interpretation  I 
have  put  formml'of  the  SubhimalajTin  rocks,  based  perhaps  ujKm 
Bwtions  more  i'avourablc  for  observation,  difTeva  so  widely  from  what 
I  find  written  about  tho  Alps,  that  I  am  induced  to  call  attention 
thereto.  It  will  lioneeessiiry  first  to  indicate,  bjrcfcrence  tuauthiirr, 
what  the  yiows  arc  to  which  I  would  take  oxwption.  I  will,  after 
that,  sketi!]]  tho  results  of  my  observations  iu  tho  Himalayas,  and 
finally  indicate  their  jKWsiblo  application  to  the  Alps. 

II.  Notice  of  CtmnEHT  Opikiojis  ok  At.pise  Skctioss. 

The  name  of  Molasse  has  long  sinco  been  extended,  from  its 
original  application  to  a  particular  soft  sandstone,  to  the  whole  series 
of  strata  of  which  that  sandstone  forms  a  prominent  member.  The 
series  has  n>oro  recently  been  divided  into  several  groups ;  but  the 
same  general  term  is  still  conveniently  applied  to  all.  They  are  of 
Middle  Tertiarj-  ngc,"  The  home  of  the  Molassc  is  along  the  northern 
biisc  of  tho  Alps,  where  it  occupies  tho  great  valley  of  Snritzerland, 
between  the  Alps  and  the  Jura,  extending  eastwards  throngh  the 
Ilavariiin  plains  to  Vienna,  To  tho  south-west,  in  Savoy,  where  the 
irura-ranf,e  becomes  confluent  with  the  -Ups,  tho  Uolasse  appears  in 
t>o  loiigituilinnl  vallcya-  along  the  continuation  of  the  main  valley. 
The  actual  area  of  these  Mioeono  rocks  represents  upprosiunitely 
tlio  original  limits  of  dejMwition;  and  tho  strata  arc  throughout 
strongly  nneflnfonnnble  with  the  adjoining  formations.  In  a  zono 
along  tho  base  of  the  Alps,  and  several  miles  in  width>  the  ^loliissc 
slnita  iiro  more  or  lesr<  intensely  disturbiid,  while  beyond  that  /one 
(hey  muint-iiu  their  original  horixoutality. 

Very  eonllicting  opinions  still  ma'iluin  their  ground  rc^mling 
the  hare  facts  of  the  Uo'assc  section,  both  us  to  composition  and  as  to 
tho  features  of  disturbance.  One  generally  ac<4^ted  feature  is  tho 
cimtinuous  nntielinul  flexure,  olnerving  an  approximately  medial 
poHition  in  the  zone  of  disturbance.  M.Studcr  described  it  in  ISlSf- 
In  tho  same  mem<nr  a  general  descending  order  of  succession  is  given 
— Xagelfluhe  (conglomerate),  molasse,  and  mottled  orgilaccous  strata. 
Inhere  would  thus  be  on  ascending  section  np  to  the  main  line  of  junc- 
tion at  the  base  of  tho  mountains,  whero  tho  author  speaks  of 
these  rocks  as  abutting  against  the  Becondory  formationB  of  tho  Alpn. 
The  Higi  is  referred  to  as  typical  of  tho  common  mode  of  contact, 
tho  strata  there  passing  under  tho  Cretaceous  system.  This  is  ex- 
plained bj  tho  sliding  of  tho  older  rocks  on  the  top  of  the  jounger.  The 
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fignred  section  mokes  them  apparently  in  parallel  superposition,  each 
being  in  iwS  normal  order.  In  anotjier  paper*  31.  Studer  accounts 
for  the  great  accumulation  of  the  Molasso  by  subsidence  along  a 
fissure  at  the  base  of  the  Secondary  mountains. 

In  his  well-known  paper  on  the  structure  of  the  Alpsf,  Sir  R.  I. 
Murchison  adopts  the  most  extreme  views  regarding  the  interpreta- 
tion of  the  rock-diaturbanccs.  The  great  masses  of  subalpine  Niigel- 
fluhe  in  the  Rigi  and  the  Speer  are  not  taken  to  bo  inverted  (although 
MM.  Studer  and  £ocher  de  la  linth  were  the  author's  companions 
in  these  regions),  but  the  junction  of  the  Molasse  with  the  moun- 
tains is  spokenof  as  an  enormous  fault,  whereby  the  topmost  Nogelfluhe 
is  brought  into  contact  with  low  rocks  among  the  older  formations  J. 
The  elevation  and  dislocation  of  the  Molasse  is  described  as  demon- 
strably sudden,  and  as  proving  that  the  crust  of  the  earth  was  then 
affected  by  forces  infinitely  greater  than  now.  There  is  no  attempt 
to  specify  the  nature  of  the  disturbing  force ;  it  is  not  even  referred 
to  the  elevation  of  the  Alps ;  but  such  a  subsequent  upthrow  of  tho 
older  rocks  is  almost  necessarily  implied  in  the  word  **  fault,''  as 
applied  to  the  junction  of  the  Molasse  with  the  mountains. 

M.  Riitimeyer§  gives  an  account  of  the  intricate  section  at  Ral- 
ligen.  The  figured  section  seems  quite  impossible  in  its  details ;  but 
it  exhibits  some  interesting  facts,  the  abrupt  appearance  of  much 
older  strata  at  tho  base  of  the  Cretaceous  rocks  near  the  junction, 
and  tho  occurrence  of  a  narrow  band  of  crushed  lower  Molasse 
against  which  the  Nagelfluhe  abuts  at  a  moderate  inclination. 

M.  Lory  11,  in  his  sections  of  the  range  of  the  Grande  Chartreuse, 
shows  a  fact  of  importance.  In  some  of  the  great  flexures  (Valleo 
de  Proveysieux)  the  Molasse  is  represented  as  so  parallel  to  the 
Cretaceous  strata  on  which  it  immediately  rests,  that  these  must 
have  boon  approximately  horizontal  at  the  time  of  deposition  of  the 
former.  Sections  of  other  authors  in  the  same  region  (close  to  Annecy) 
give  a  very  different  relation. 

In  amemoir  on  the  North  Vorarlberg  ^,  Escher  de  la  linth  expresses 
his  views  upon  the  general  sequence  of  geological  events  in  the  Alps. 
The  Nagelfluhe  is  described  as  dominating  along  the  zone  next  ^o 
Alps,  and  as  being  there  equivalent  to  finer  deposits  more  to  the 
north.  For  several  miles  to  the  north  of  the  boundary  with  the 
Flysch,  the  underlie  of  the  rocks  is  south-easterly  ;  but  in  this  zone 
there  are  several  repetitions  of  the  strata  by  folded  flexures.  The 
figured  section  (No.  16)  is  scarcely  consistent  with  the  text ;  at  the 
junction,  the  critical  point  of  all,  there  is  no  saying  whether  the 
Nagelfli^e  is  a  top  or  a  bottom  band,  or  what  its  true  relation  to  the 

•  Neuet  Jahrbach,  1850,  p.  221. 

t  Quart.  Joom.  Qeol,  Soc.  Lend.  1848,  vol.  y.  p.  157. 

i  The  use  of  the  word  inverted,  in  the  paper  quoted,  is  oonfunnff :  being 
■ometimet  apphecL  in  its  usual  English  aooeptRtion,  to  strata  tiumed  uj)(Bide 
down,  it  is  more  nrequentlj  used  in  Sie  more  arbitrary  sense  of  dipping  in  a 
wrong  direction,  being  apparently  put  for  the  Qerman  "  wider^nnigr 

I  Neue  Denksohriileii,  Zurich,  toI.  yii. 

II  BulL  floe.  OteL  France,  vol.  ix.  1851--52,  p.  226. 
1  Nens  Beoksohriften,  ZOriob,  1863,.  vol.  ziii. 
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older  fomiationB  mny  be,  liesiclcs  that  of  present  nppnrent  eouformaUe 
Rucccssion.  The  mithur  iittnliules  all  tliU  conlortioii  to  llii-  rtvi.lu- 
tion  which  gave  lo  Hil'  limestone -range  its  prcwnt  nspptt:  much 
of  the  VororlbcTg  wiis  diy  laml  during  the  Flysch  period,  and  ufler 
it  tbu  whole  mountain- K'gion  hei-ame  dry  bnd.  The  grcatcut  rorcJu- 
tiun  here  oeeurred  otter  tJic  llolnsjie. — in  proof  of  wLieh  M.  EscIict 
ndducw,  firiil,  the  groat  loeal  contortion  of  tlic  Molusse ;  seeondly, 
the  intimate  connexion  of  tlic  UDlnKi<c  and  the  limestone  mountoin, 
tio  that  the  pri'sint  jKiiiition  of  hoth  must  he  the  result  of  tlit;  tinnio 
effort ;  and,  thirdly,  the  fresh  nnd  well-defined  relation  of  the  nKiuii- 
tain-contours  to  the  position  of  the  strata,  and  the  correspondence  of 
these  features  throughout  the  whole  mountain -section,  la  short, 
the  abruptness  and  comparatively  good  preservutioT  of  the  All* 
seems  to  iudiciitc  their  you  Hi  fulness  !  The  independence  of  the  outer 
mount-ain-fiiuge,  and  of  the  indented  boundarj'  of  the  central  masses, 
su},^ests  how  much  ^router  the  force  must  have  been  which  pro- 
dueed  the  former.  Yet  the  general  simildrity  in  the  features  of  dis- 
turbance proves  hoth  to  havo  been,  acts  of  the  same  long  piocess. 

M.  Roxet*,  from  the  slight  disturbance  of  the  Molasse  in  the 
French  Alps,  considers  that  the  greatt.'st  dislocations  of  the  mountuius 
occurred  between  the  Eocene  and  Slioocne  periods. 

In  the  Eastern  Alps  we  find  M.Sturt  adopting  the  usual  tboories. 
After  tho  Eocene  jfcriod  a  great  disturbing  force  broke  up  the 
hitherto  little- troubled  regular  succession  of  formations,  producing 
the  fan-Btruetnre  and  tho  transverse  valleys.  After  n  sucecsGion  of 
subsidences  for  the  deposition  of  the  Xeogeno  strata,  there  came  tho 
last  great  fusuring  and  upheaval,  the  Hoods  occasioned  hy  which 
produced  the  dihiviuni. 

31.  liininncrt  makes  a  great  effort  at  a  rational  improremcnt 
upon  tho  usual  mode  of  cxplanut'on,  but  seems  to  involve  the 
question  in  moro  difficulties  and  oppareut  conti'odictionB.  Thar- 
munn's  explanation  of  the  ilcxurcs  of  the  Jura  mountains,  by  tho 
Alpine  upheaval,  is  njected  ou  account  of  the  intervening  aroa  of 
undisturbed  ^olasse ;  and  similarly  the  folds  of  tho  Stockhom 
cannot  be  due  to  Alpine  nphcavol,  on  account  of  tho  Elysch  of 
tho  Simmcnthal.  ThiB  obserxer  rejects  the  mode  of  notion  called 
ptutonic,  and  loeatizoa  the  cause,  finding  adequate  force  in  the 
expansion  due  to  crj-stalliiation.  Still  the  lateral  displacement  is 
eonneeted  with  the  upheaval.  Tho  actual  Holosae  boundnr\-  is 
not  considered  n  ^horc  of  that  period  ;  the  rocks  src  said  to  he  broken 
sbarjily  at  tlio  junction.  The  author  accounts  fur  what  ho  calls  tho 
aiiHOfwal  projection  of  the  boundary  at  the  Stockhom,  and  tho 
iibsenec  of  Kagelfluhe,  hy  the  greater  lateral  sliding  of  the  mouutoin- 
mass  at  this  spot.  Eor  the  four  shocks  usually  rcclconcd  for  tho 
production  of  tho  Alps  M.  Brunncr  substitutes  ono  long  apheaval, 
commenoed  after  the  lias,  and  continued  uniformly  until  after  the 
Uolaase. 

•  Bua  Soc.  Otel.  Trmct,  toI.  lii.  ieai-55,  p.  204. 

t  SiUunKHbcrichte  der  k.  Ak*d.  Wien,  ml,  xfL  ISitfi,  p.  477. 

}  Houe  Deoksebriftmi,  Zuiii^  vol  zr.  1SS7. 
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M.  F.  V.  Ilaucr*,  in  his  section  of  the  eastern  Alps,  says  that  the 
first  great  upheayal,  invol\'ing  contortion,  occurred  after  the  Lias ; 
and  he  seems  throughout  to  attribute  contortions  and  valley-forma- 
tion to  such  agencies. 

In  his  paper  on  the  Tertiary  rocks,  M.  Lory  f  uniformly  attributes 
the  contortions  of  the  Molasse  to  the  upheaval  of  the  Alps. 

M.  Kaufinann*s  paper:]:  on  the  Subalpine  Molasse  is  the  most 
detailed  I  have  seen.  lie  traces  three  axes  of  flexure  throughout 
his  entire  area — a  synclinal  between  two  anticlinals.  The  inner 
anticlinal  is  a  folded  flexure ;  and  thus  the  flanking  belt  of  hills,  at 
the  ba*>e  of  the  gieat  range,  is  sometimes  i)artly  composed  of  inverted 
strata  as  in  the  Beichlen :  the  great  hills  of  this  zone  (the  Eigi  and 
the  Speer)  are  south  of  the  inner  anticlinal ;  and  therefore  the  strata 
are  in  their  normal  order  of  superposition,  as  the  contact-rocks 
must  be  tliroughout.  M.  Kaufmann,  however,  altogether  avoids 
the  actual  junction ;  the  inner  rocks  do  not  appear  on  any  of  the 
figured  sections.  The  historical  sketch  given  by  this  author  is 
peculiar.  A  continental  elevation  is  distinguished  from  that  con- 
fined within  the  moimtain-rango.  During  that  elevation  great  ero- 
aon  of  the  Molasse  area  took  place,  leaving  hills  of  Nagelfluho  in 
their  present  approximate  position.  The  lateral  pressure,  subse- 
quently induced  by  the  mountain-upheaval,  produced  the  lines  of 
flexure  along  the  lines  of  erosion,  as  lines  of  weakness.  Although 
M.  Kaufmann  thus  seems  to  invert  the  usually  accepted  order,  ho 
is  in  advance  of  most  Alpine  geologists  in  even  recognizing  the 
iotiinate  connexion  between  contortion,  denudation,  and  valley-for- 
mation.  During  the  mountain-upheaval,  it  is  considered  that  the 
llolasse  area  must  have  suffered  depression,  to  help  to  account  for 
the  actual  superposition  at  the  contact.  Like  all  the  preceding 
writerSy  M.  Kaufhiann  seems  to  think  it  necessary  to  account  for 
the  present  irregularities  of  the  lino  of  boundary  as  due  to  distur- 
bance—although no  one  offers  anyreason  for  assuming  it  to  have  been 
at  any  time  straight,  unless  in  so  far  as  such  an  assumption  is  im- 
plied in  the  assumption  of  a  great  lino  of  fissure. 

M.  de  Mortillet§,  after  describing  many  facts  implying  how 
partial  in  extent  and  in  influence  great  changes  of  level  may  be, 
conforms  fully  to  the  current  opinion.  The  last  great  rising  of  tho 
Alps  is  described  as  having  taken  place  at  the  closo  of  the  Miocene 
period ;  this  upheaval  traced  out  the  valleys  as  wo  see  them,  rock- 
basins  and  all.     It  was  the  last  violent  movement. 

M.  Favre  ||  would  seem  to  connect  tho  origin  of  the  Sal^ve  moun- 
tain with  that  of  the  main  anticlinal  in  the  Molasse. 

In  M.  Giimbers  large  work  on, the  Bavarian  Alps^,  notwithstand- 
ing the  great  labour  expended,  tho  stratigraphicid  question  docs 

*  SitzoDgsberichto  der  k.  Ak.  Wien,  1857,  vol.  xxv.  p.  253. 
t  BulL  Sec.  (Hoi.  France,  1857-58,  vol.  xv.  p.  40,  and  vol.  xri.  p.  823. 
t  Neue  Denkschriflen,  Zurich,  vol.  xvii.  18G0. 
I  Bull.  Sec  QM.  France,  vol.  xix.  p.  849  :  1861-02. 
I  Bull.  Sec  (Ho\.  France,  vol  xix.  p.  928 :  1861-<j2. 

f  G«ol.  BeBcbrabang  dea  bayriscnen  Alpengebirges  und  seines  Yorlandes. 
Ch)th%1861. 
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not  seem  to  be  jilntcJ  upnii  a  bettor  footing.  The  dingrani  soetion 
figured  on  pp.  (iTH  nnd  7^7  is  irrccoiicilcablo  with  itself;  the  lowi-st 
beds  of  the  series,  noxt  the  mnin  jtiiiction,  as  nwmhered  nnd  doscribed, 
are  shown  at  tlio  lop  fif  whiit  must  be  (iicrordiiig  to  tho  liurs  of 
fltmtification)  a  normal  asecnding  section.  There  aro  other  similar 
dincreiiancies  in  the  same  section.  The  evidence  given  (p.  I!fl4)  that 
the  lowest  beds  do  occur  nest  ilie  junction  is  far  from  convincing, 
latere  is  mneh  variety  shoim  in  the  actual  sections  taken  at  different 
points  of  tho  junction,  inversion  being  by  no  menus  the  rule.  The 
irrcj^ilaritics  which  occur  in  the  line  of  iHinndniy,  gciicrHlly  near  a 
main  valley,  arc  explained  in  the  Ramo  arbilriivy  mnimcr  as  hv  M. 
Kiuifmann  ami  others — liy  the  horizontal  di.->plaeemcnt  und  projec- 
tion of  the  uldi'r  nK^ks  at  ihoro  ])oints  of  tranHverse  fracture.  The 
scfjucncc  of  formations  is  n-presented  to  have  gone,  on  repilarly  up 
to  thu  CrctaceouH  period,  tho  younger  Cretaceous  rooks  resting 
transversely  u])nn  all.  The  Nunimulilic  deposits  stretched,  up  lionls, 
deep  into  the  Alps,  the  coal-beds  of  Haring,  in  the  Inu-Tlial, 
showing  that  (ho  limestone  Alps  were  then  as  hif*h  as  now.  A 
littlo  fiii-ther  rise  of  the  eoait  defined  the  h:isin  of  the  Atuliisfe. 
TIio  warm  character  of  tho  Neogenc  flora  precludes  the  conclusion 
Ihat  tho  -AJpa  (V  the  i-entral  Alp^)  were  as  hi;th  as  now.  Hence  this 
altitude  must  have  been  attained  since :  as  eollnteral  evidence  of  this 
*'  Katastroplie  "  the  author  imints  to  the  contortion  of  tho  Neogene 
strata.  The  similar  pn'ceditig  alterations  of  level  can  only  he 
lookeii  upon  as  precursors  of  this  "  Haupthehnng."  It  is  remarked 
that  this  period  eon-es])onds  with  that  of  great  volcanic  eruptions  in 
other  n'jrioiis,  Tlie  stiito  of  the  Alps  during  tlic  Molasse  period  is 
compared  (p.  P70)  to  that  of  the  present  Jura  and  Swartzwald ;  then 
e:imo  the  "  Hauptbataatrophe,'"  Ero*ion  and  disintegmtion  after- 
wards completeii  the  present  configuration.  It  would  seem,  however, 
that  considerable  depression  can  occur  irithout  any  remarkable 
Ktrattgraphical  results,  the  inundations  which  produced  the  Ijiess, 
II,  riiimbel  supposes  to  have  been  caused  by  sudden  sinking  of  the 
snow-clad  mountains.  Were  not  it.  Giimbel's  history  fnll  of 
anomalies,  one  might  suppose  that  the  events  just  indicated  can 
scarcely  have  appeared  to  the  author  so  violent  as  the  langnsge  and, 
indeed,  tho  alleged  facts  seem  to  rct^nire ;  for  he  makes  the  excellent 
suggestion  (p.  854)  that  some  shelves  of  deliris,  now  found  in  the 
inner  Alps  scparatnl  from  the  present  watercourses,  may  belong  to 
the  UoLutse  [leriod.  Tho  fan-structure  of  tho  central  masses  ii 
accounted  for  by  the  protrusion  of  the  mountain -core.  The  pre- 
Yailing  inward  dip  in  all  tho  fringing  mountains  is  attributed  (p.  855) 
to  the  tendency  of  the  strata  to  range  themselves  at  right  angles  to 
the  upward  and  outward  pressure — an  explanation  which  seems  to  me 
to  lead  to  a  result  the  very  apposite  of  that  required.  To  render 
possible  the  contortion  in  the  Tertiary  Bone,  M.  Uumbel  considers  it 
ncccssaiy  to  suppose  the  resistance  of  a  now  departed  monntain- 
ridge  somewhere  iu  tho  Bavarian  plains. 
Professor  Bamsay,  in  his  paper  on  the  ^cial  origin  of  likci*, 
*  Quart.  Joum.  OeoL  Soc.  Lond.  1862,  toL  sriiL  p.  185. 
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gives  an  ample  refutation  of  the  notion,  universally  adopted  by  con- 
tinental geologists,  of  the  iissuring  by  elevation  as  an  origin  for 
valleys,  transverse  or  longitudinal ;  his  argument  applies  by  impli- 
cation against  accepting  contortion  as  evidence  of  elevation.  The 
contortion  of  the  Miocene  strata  is,  however,  accepted  as  proof  that, 
after  the  Miocene  epoch,  the  rocks  of  the  Alps  wore  much  disturbed, 
sufficiently  so  to  alter  the  drainage-system  in  all  its  details.  In  the 
Molasse  itself  the  inversion  of  the  rocks  of  the  Eigi  is  quoted  as  a 
measure  of  the  action. 

Sir  Charles  Lyell,  in  his  '  Antiquity  of  Man '  (p.  309),  adopts 
generally  the  views  which  connect  the  disturbances  of  the  Molasse 
with,  and  as  proof  of,  the  last  series  of  movements  to  which  the  Alps 
owe  their  present  form  and  internal  structure,  dissenting  from  those 
views  BO  far  as  they  include  the  production  of  the  lake-basins. 
He  combats,  I  think  effectually,  Professor  Kamsay*s  theory  of  the 
formation  of  the  great  Alpine  lakes  by  glacier  erosion  ;  while  'at  the 
same  time  (in  assigning  unequal  subsidence  of  large  areas  as  the 
main  cause  of  these  lakes)  he  introduces  glaciers  as  an  almost 
essential  adjunct,  to  prevent  silting  up  jpari  passu  with  the  subsi- 
dence. The  absence  of  lakes  in  non-glacisd  mountain-regions  is 
accoontod  for  in  that  way.  In  appealing  to  the  undisturbed,  yet 
pra^glacial,  lacustrine  deposits  on  the  lake  of  Zurich  against  the 
theory  of  Prof.  Ramsay,  Sir  Charles  LyeU  seems  to  overlook  that 
this  evidence  tells  with  as  great  force  against  the  use  he  himself 
makes  of  glaciers  in  the  production  of  those  lakes ;  for  the  lake  of 
Zurich  must  by  his  process  of  formation  have  attained  its  maximum 
extension  and  depth  when  the  deposits  of  Utznach  and  Diimten 
were  formed,  t.  e,  before  the  glacier-period. 

The  Molasse  does  not  come  within  the  range  of  Professor 
Theobald's  recent  work  on  the  Orisons*;  but  the  author  would 
goem  to  allude  to  the  contortions  of  those  rocks  when  he  says  (p.  7) 
that  only  on  the  north  did  the  upheaval  of  the  Alps  find  an  obstacle, 
in  the  earlier  formed  crystalline  mass  of  the  German  Mittelgebirge. 

In  M.  Hecr's  valuable  work  on  the  geology  of  Switzerland  t?  there 
is  scarcely  any  tangible  allusion  to  physical  geology.  The  author 
seems  to  adopt  the  current  opinions  upon  the  last  great  upheaval  of 
the  Alps,  subsequent  to  the  Molasse  period. 

*  Der  Gebirgsbau  der  Alpen '  ought  to  be  an  exact  complement 
and  suitable  companion  to  *  Die  Urwelt  der  Schweiz.'  M.  Desor's 
work  J,  however,  in  no  real  sense  fulfils  this  expectation  ;  there  is 
not  a  single  section  in  it,  nor  anything  like  a  critical  matter-of-fact 
discussion  of  Alpine  rock-structure.  The  history  of  the  Alps  is 
divided  into  two  great  periods,  before  and  after  the  last  mountain- 
upheaval.  From  the  early  Proelias  land  the  centre  had  progres- 
sively risen,  but  unequally  and  with  oscillations.  On  the  south  the 
Pliocene  deposits  suffered  the  same  disturbances  as  the  Miocene;  so  the 

*  QtoL  BeAchreibang  der  N.  O.  Gebirgo  von  Qraubunden.    Bonn,  1864. 
t  Die  Urwelt  der  s£weiz.    Ztirieh,  1865. 

}  Der  OdnrgslMHi  der  Alpen.    Wiesbadon,  186Gi.  . 
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"  llnuptlic'bnng,"  tlic  last  "  Krisis,"  whitli  *na  aa  great  as  all  the 
ottierH  put  together,  must  lutvc  1)t'(?n  iit  tlic  end  of  the  Tertiary  periods. 
M.  DL<sor  truecs  all  the  gruat  fuaturos  of  the  Alps  to  thin  time — folds, 
iavtrsions,  fnmhfa,  and  clwsfn,  and  the  general  nniformitj'  of  dijis 
throughout  the  whole  Hoction,  The  Itigi  and  the  Spccr  arc  mcn- 
tioucd  aa  instiiuMM  of  inversion  in  the  Molasso,  on  the  authority,  I 
lieliove,  of  M.  iStuder's  more  rmamt  obaervatioufl. 

Such  is  the  latest  and  moat  tragic  history  of  the  Alps.  It  fully 
confirms  the  stiitement  with  which  I  started,  that  a  school  of  gee Ingy, 
obsolete  elsewhere,  RtiU  holds  its  ground  in  those  mountain -regions. 

Any  general  notice  of  the  geology  of  the  Alps  must  be  altogether 
dclicicnt  without  mention  of  the  latest  opinions  of  M.  Studer,  whose 
great  work  on  the  gcolog}'  of  Switzerluiid  is  the  acknowledged 
authority.  1  have  not  had  access  to  this  book.  My  object,  however, 
has  only  been  to  show,  by  sufficient  references,  what  is  the  gcnemlly 
received  view  regarding  one  or  two  important  features  of  Alpine 
geology.  I  have  omitted  no  available  source  of  iuformatioii ;  the 
works  of  most  of  the  best-known  observers  have  been  consulted  ;  and, 
from  the  frequent  allusion  made  by  other  wi'iters  to  M,  Studer,  I 
am  pretty  confident  that  his  views  upon  those  points  coincide  more 
or  less  with  what  I  have  represented.  He  is,  I  believe,  the  authority 
for  the  inversion  of  the  rocks  in  the  Higi  and  S|Ker. 

The  opinions  to  whicli  I  would  draw  attention,  as  universally 
applied  to  the  Alps,  are  the  abnonud  (faulted)  nature  of  the  actual 
boundary  of  the  Molasse  >rith  the  rocks  of  the  higher  Alps,  and  the 
cx[)lanatinn  of  this,  as  well  ns  of  the  contortion  of  the  inner  aone  of 
Jl'ilnesc,  by  the  direct  upheaval  of  the  main  mountain-masa.  In 
almost  all  the  works  referred  to  there  may  be  found  passages  to  the 
efr<'ct  that  all  the  features  of  the  Alps  ore  the  result  of  one  long- 
continued  action.  These  professions  can  bo  little  more  than  nominal 
concessions  to  modem  views ;  at  least  every  special  explanation 
and  many  of  the  alleged  facta  seem  to  me  to  be  essentially  iucon- 
Hstent  with  such  views. 

III.  Sketch  or  aoira  Subhiualatait  SEcnon. 
There  is  a  very  striking  similarity  between  the  Bcctiona  along  the 
Honthem  base  of  the  Himalaya  and  the  northern  base  of  the  Alps, 
One  c&n  scarcely  doubt  that  the  histories  of  the  two  regions  have  a 
corresponding  agreement.  I  must  refer  to  my  memoir  on  the  Sub- 
himalayan  rocks  of  North  Western  India  *  for  a  detailed  deeciiptian 
of  the  Boctions ;  I  can  here  only  point  out  some  leading  features. 
The  clays,  sands,  and  conglomerateB  of  the  Sivaliks  are  ondistin- 
guishablo  in  hand  specimens  from  those  of  the  Uolaaae.  In  both 
re^ons  the  coarser  deposits  prerail  towards  the  top.  The  distant 
hiUa  on  the  south  of  ttic  Gangetio  plains  form  only  nominal  repro- 
sentatives  of  the  ranges  which  bound  the  great  valley  of  Switzerland 
on  the  north;  and  the  ancient  alluvinm  forming  thow  plains 
ctoiceala  completely  the  soatbeni  extension  of  the  Sivolik  strata 
boytmd  the  limits  of  a  narrow  zone  fringing  the  moontaina.  Within 
"  Uho.  OfloL  BuTf^  of  India,  vtd.  iiL  pb  a. 


inSDLIOOTT — ALPS  AND  HIKALATAS.  45 

this  zone  the  rocks  always  exhibit  more  or  less  of  disturbance,  very 
often  to  an  extreme  degree. 

There  are  two  well-defined  groups  in  this  Subhimalajan  zone. 
Along  their  northern  boundary  the  Upper  Sivalik  strata  abut  against 
lower  beds  of  the  same  Subhimalayan  (Tertiary)  series,  of  the 
middle  (or  Nahun)  group.  These  latter  beds  form  a  narrow  band 
of  variable  thickness,  but  rarely,  if  ever,  absent,  separating  the  true 
Sivaliks  (the  strata  which  yielded  the  Eauna  Sivalensis)  from  the 
much  older  rocks  of  the  higher  mountains.  Sir  Proby  Cautley  has 
identified  the  rocks  of  the  Nahun  band  with  the  beds  at  the  outer 
base  of  the  Sivalik  hills,  where  they  seem  to  be  regularly  overlain 
by  the  younger  Sivalik  strata*.  The  collection  of  fossils  from  the 
older  beds,  which  might  have  thrown  such  light  upon  this  strati- 
graphical  break,  has  been  lost  since  its  transmission  to  England; 
indeed  I  am  told,  by  the  distinguished  donor,  that  this  misfortune 
has  befallen  it  since  the  consignment  of  the  collection  to  the  vaults  of 
the  British  Museum  t.  Even  without  the  palseontological  facts,  the 
relation  I  have  described  of  the  Sivalik  and  Nahun  groups  is  re- 
markably analogous  to  that  of  the  Neogene  and  Oligocene  groups  of 
the  north-eastern  Alps. 

In  one  portion  of  the  north-west  Himalaya  we  find  a  remnant  of 
a  much  older  group  of  Tertiary  rocks ;  the  bottom  beds  are  the  well- 
known  Nummulitic  strata  of  Subathoo.  They  are  overlain  transi- 
tionally  by  sandstones  of  the  regular  Molasso  type,  only  thoroughly 
indurated,  like  the  Elysch  sandstones  of  Appenzell.  By  position 
this  group  identifies  itself  with  the  rocks  of  tiie  outer  edge  of  high 
mountains,  rather  than  with  the  true  Subhimalaya,  just  as  do  the 
corresponding  rocks  in  the  Alps,  thus  completing  the  analogy  of  the 
sections  with  almost  startling  exactness. 

The  Subathoo  group  rests  high  up  on  a  base  of  the  slates  forming 
the  mountains,  upon  a  denuded  surface  of  which  it  had  been 
deposited,  both  rocks  being  now  seen  folded  in  the  same  contortions. 
The  younger  groups  of  the  Subhimalayan  series  (Sivaliks)  only 
appear  at  the  outer  base  of  the  mountains,  and  the  junction  is  as 
apparently  abnormal  as  anything  seen  in  the  Alps  ;  the  dip  of  the 
younger  rocks  is  almost  invariably  towards  the  contact,  the  plane  of 
which  underlies  to  the  north,  thus  producing  actual,  though  not 
parallel,  superposition  -  of  the  older  rocks.  All  the  arguments  as  to 
prodigious  faulting  &c.  that  have  been  applied  to  the  Alps  would  bo 
just  as  applicable  here. 

A  very  brief  inspection  of  the  Sivalik  rocks  made  me  averse  from 
the  supposition  of  any  great  change  in  the  features  of  the  surface 
Binee  tiie  time  of  their,  formation.    There  is  at  once  apparent  a  most 

*  Joum.  Ariat.  See.  Bengal,  voL  iii.  1834,  p.  528, 

t  The  more  we  see  of  these  Sivalik  rocks,  the  more  doea  our  admiration  in- 
eTCMe  for  the  disooverers  of  the  Fauna  Siralensis.  I  failed  to  find  fossils  either 
at  Nahun  or  at  the  KaJawalla  pass ;  and  within  this  last  year  Captain  Gbdwin- 
Austen,  who  has  much  experience  as  a  collector,  incited  by  my  account  of  the 
difficulty  and  of  the  interest  attaching  thereto,  spent  laome  time  at  Nahun 
aoarching  to  foaaila,  bat  without  the  smalleat  auocew. 
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marked  corroHpondoncc  between  the  distribution  of  the  nccumulationn 
of  conglomorato  and  the  position  of  tho  acluid  river-gorgos  of  thu 
mountains ;  even  in  front  of  some  of  the  lesser  etroams,  with  Tcry 
contracted  drainage-basin  b,  this  limitation  ia  well  marked.  Tct 
those  conglomcruto  masses  are  often  aa  thick  and  at  as  high  angles 
OH  those  on  the  Rigi  and  tho  Bpeer. 

It  was  along  the  junction  of  the  Sivaliks  with  the  Xahun  group 
that  I  found  the  sanction  for  tho  oxplnnatiou  I  was  disposed  to  apply 
to  the  main  junction  of  the  Subhimuluya  with  the  older  rocks  of 
the  high  mouNtains.  That  line  of  contact  of  the  two  younger  gtuups 
is  mostly  concealed  along  the  inner  slopes  of  those  loiigitudiual 
valleys  known  aa  "  duns,"  For  about  twenty  miles  midway  in  the 
Hpaco  between  the  Jumua  and  tho  Sutlej  the  Sivalik  hills  ore  con- 
fluent with  those  of  the  Nahun  baud ;  and  the  junef  ion  of  the  groups 
otn  here  ho  fuUowful  without  a  check.  The  eharactcr  of  it  is  most 
constant,  and  iinifonnly  of  the  type  iilrendy  iiotii;ed.  The  con- 
glomerates dip  at  viirious  angles,  higli  and  low,  against  tto  bottom 
beda  i>f  the  Nahun  band  ;  they  seem  to  go  under,  or  to  be  buried  in, 
tho  older  nxiks,  the  plane  of  contact  actnally  unth'riying  to  tho 
iiorlh.  llci-e  then,  again,  wo  have  a  primii  fane  cnso  of  ro\'orae 
faulting,  of  lower  rocks  slipping  up  over  younger  ones.  A  doubt  of 
tliis  is  tirst  raised  by  the  fact  that  thu  eonglomerutes  contain  much 
debris  of  the  Nahun  rocks.  There  is,  however,  an  actual  eectiuit 
which  seems  to  render  impossible  tho  supposilion  of  ony  faulting 
whatever :  on  tho  same  boundai7,  and  within  half  a  mile  of  a  grand 
section  of  ahnormiil  Mupeqmsilion,  wc  And  the  same  eonglomenito 
licds  dovetailed  into  n  seiTated  steep  denuded  tniifaee  of  the  same 
Nahun  beds ;  and,  ftirlher  on.  the  younger  beds  broadly  overlap  tho 
older.  The  process  of  formation  reveali-d  by  these  seetionB  is,  that 
tlie  U|iper  Sivaliks  were  deposited  against  a  steep  denuded  edge  of 
tlie  older  group,  the  present  inverted  plane  of  contact  being  due  to 
subsequent  lateral  prcBsure,  which  has  not  otherwise  displaced  tho 
original  houndaiy  by  any  vertical  relative  motion  of  the  masses  in 
contact. 

In  epito  of  the  great  unconformability  I  have  just  noticed  along 
the  inner  boundary  of  the  Nahnn  and  &i\'a1ik  groups,  it  would  seem, 
according  to  tlio  ideutiiieation  made  by  Sir  Froby  Onutlcy,  as  already 
noticed,  that  these  same  groups  at  the  base  of  the  Sivalik  section, 
some  miles  tu  tlie  south,  are  in  apparently  unbroken  setjacnce,  both 
being  now  much  disturbed.  Such  n  ftict  would  be  moat  convincing 
proof  of  the  exceeding  gentleness  and  partiality  of  the  process  of 
dixturbancc.  Khould  any  doubt  hang  over  this  point  of  evidence 
owing  to  the  unconiirmod  and  originally  incompleted  pahsonto- 
logicid  observations  ujion  which  it  rests,  there  is  sufficient  indepcn- 
de-)t  proof  of  the  same  inference  as  to  tho  nature  of  the  disturbiiig 
process,  in  tho  pcrmanenco  of  Pnesivalik  Btrcam-counes.  If  this 
ve  'e  only  observed  in  the  case  of  tho  great  gorgca  of  the  higher 
n  ountMUB  one  would  scarcely  bo  surprised.  These  tortuoiu  gorgei 
are  manifestly  thu  work  of  riven  ;  but  ono  luiB  to  encroaoli  dec^lf 
upon  geological  time  for  tho  aocompliahnwnt  of  mch  lenltt.    Itt 
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the  caso  of  those  great  features,  moreoyer,  one  can  imagine  Tcrj  con- 
siderahlo  violence  of  disturbance  to  occur  without  causing  any  alte- 
ration. Neither  of  these  picas  suggests  itself  in  the  case  of  such 
streams  as  the  Guggur  and  the  Batta,  the  springs  of  which  are  not 
farther  in  than  the  first  ridge  of  the  mountains. 

The  most  apparent  instance  of  the  feature  under  notice  is  found 
in  the  course  of  the  Sutlej.  This  mighty  torrent  debouches  upon 
the  plains  at  a  point  where  the  zone  of  the  Subhimalayan  rocks  has 
become  greatly  widened,  owing  to  the  retreat  northwards  of  the 
mountain-range ;  thus,  before  it  reaches  the  outermost  zone  of  the 
Sivaliks,  the  Sutlej  has  run  for  many  miles  through  comparatively 
low  hills  of  soft  rocks  of  Lower  Sivalik  or  Nahun  type.  At  Bibhor 
the  river  cuts  the  last  of  these  inner  ridges  ;  and  on  the  outer  flanks, 
on  both  sides  of  the  stream,  there  are  massive  beds  of  coarse  con- 
glomerate, of  boulders  such  as  only  occur  in  the  main  rivcr-channcls. 
These  beds  are  now  raised  to  the  vertical;  and  in  both  directions 
along  the  strike  these  conglomerates  pass  gradually,  within  a  few 
miles,  into  the  ordinary  sandstones.  The  presumption  from  such  a 
coincidence  seems  irresistible,  that  the  Sutlej  itself  had  deposited 
these  banks  of  boulders  on  the  spot  where  it  still  flow3.  Whatever 
view  one  may  take  of  the  precise  form  of  the  contortions  which  now 
exist  in  these  strata,  their  magnitude  is  unquestionable ;  yet,  from 
the  circumstances  just  noticed,  the  conclusion  would  seem  unavoidable 
that  they  were  produced  at  the  very  surface,  and  so  gradually  that 
one  can  imagine  the  process  inappreciable  to  contemporaneous 
observers,  had  any  such  existed  at  the  time. 

Although  the  same  detailed  evidence  is  not  traceable  with  regard 
to  the  main  junction  (that  of  the  Lower  Sivahks,  or  Nahim  band, 
with  the  sluty  rocks  of  the  mountains),  it  is  certainly  most  reasonable 
to  apply  to  it  the  same  interpretation  as  was  proved  in  the  less- 
obscure  section  of  the  more  recent  boundar}*,  and  because  whatever 
features  are  seen  in  the  former  are  common  to  both.  I  consider 
that  the  older  rocks  had  attained  their  present  relative  elevation 
before  the  deposition  of  the  Lower  Sivaliks— that  the  present  contact 
of  these  rocks  is  the  original  one,  only  thrown  out  of  its  normal  slope 
by  the  yielding  of  the  softer  and  less-weighted  rocks  to  lateral 
pressure. 

The  longitudinal  irregularities  in  both  the  lines  of  boundary  de- 
scribed are  as  numerous  and  as  abrupt  as  those  noticed  in  the  Alps* 
The  coincidence  between  them  and  the  great  river-gorges  is  quite 
accidental,  there  being  more  exceptions  than  examples  of  such  a 
rule.  I  could  not  observe  a  shadow  of  evidence  for  these  steps  in 
the  boundary  of  the  mountains  being  due  to  cross  faults  or  transverse 
fiasores.  On  the  contrary,  I  have  always  found  them  connected  with 
local  variations  of  strike,  or  of  composition  of  the  rocks,  such  as  pre- 
detennine  the  irregularities  in  e/ery  process  of  denudation.  Thus 
oibeervation  here  seems  to  coincide  with  general  considerations  of 
teireatrial  physics  in  separating,  or  even  opposing,  the  operations  of 
elevAtion  and  of  contortion,  the  latter  being  altogether  subsequent. 
That  the  contorting  force  in  the  case  bcforo  us  came  from  the 
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mountain-region  no  one  would  question ;  and  no  cause  seems  s< 
natural  as  the  simple  one  of  gravitation.  However  puny  anj 
mountain-range  may  be  in  comparison  to  the  mass  which  supports 
it,  no  grain  is  ^vithout  its  effect  in  maintaining  the  equilibrium 
The  theory  of  M.  de  Beaumont  affords  a  plausible  expression  foi 
such  a  process  as  I  would  suggest — a  tuberance  (bosscllement)  is  pro- 
duced with  a  slowness  due  to  the  motive  source  upon  which  that 
theory  is  founded.  Tliis  upheaval  woidd  be  scarcely  observable,  and 
would  produce  no  structural  change,  until  a  limit  of  resistance  wva 
reached,  whereupon  gra\*itation,  which  all  along  had  been  the  proxi- 
mate cause  of  the  tuberance,  would  become  partially  localized  as  an 
ogent  of  subsidence,  involving  contortion.  Direct  gravitation  is  sup- 
posed to  be  the  breaking  force,  not  any  nipture  analogous  to  that  oi 
the  tension  produced  by  the  bending  of  a  quasi-rigid  mass.  Such 
a  process  might  repeat  itself  any  number  of  times  in  the  same  region. 

In  this  way  one  might  arrive  at  the  apparent  paradox,  that  the 
structure  of  true  niount^iins  (thosc^  which  are  in  an  especial  mannei 
regions  of  disturbance),  from  core  to  base,  is  the  immediate  resnll 
and  the  record  of  subsidences.]  And,  indeed,  that  commonest  feature 
of  mountain-structure  (the  convergence  of  dips  to  central  lines] 
points  directly  to  such  a  supposition.  Any  attempt  I  have  seen  tc 
connect  such  a  residt  directly  with  an  elevatory  force  has  been  un- 
satisfactory to  my  mind. 

A  force  such  as  has  hero  been  supposed  to  produce  contortion  alon 
the  outer  zone  of  a  mountain-range  might  not  be  simply  a  lateral  fore 
The  partial  sinking  of  the  centrid  regions  might  generate  an  elevato' 
motion  at  the  flanks.     The  mechanical  result  in  this  position  wot 
be  variously  apportioned  to  each  of  these  forces  according  to  f 
circumstances  of  resistance.      The  elevation  which   brought  ' 
Nahun  belt  under  denudation  may  have  been  of  this  kind  rat 
than  connected  with  a  general  elevation  of  the  whole  moontr 
region. 

From  the  foregoing  explanations  it  will  bo  evident  that  I 
pider,  first,  the  present  contact  of  the  Sivalik  formation  witb 
mountains  to  be  the  original  one,  modified  only  by  pressure  wi^ 
relative  vortical  displacement;  secondly,  that  the  sinking  o 
mountain-mass  is  the  proximate  cause  of  the  contortions  of 
Tertiary  strata.     Tho  annexed  diagram  section  is  an  atten 
exhibit,  with  a  mininmm  of  contortion,  the  explanation  I  wool 
of  tho  observed  features  of  Subhimalayan  disturbance. 

lY.  SuGGESTEn  Parallelism  of  the  Alpi:7E  and  Svb« 

UIMALATAN  SeCIIOXS. 

Any  attempt  to  apply  circumstantially  to  the  Subalpine 
tho  interpretation  I  have  offered  for  those  of  tho  Subhi 
region  must  bo  left  to  those  who  can  visit  tho  ground.  Adi 
and  modifications  will  be  necessary,  which  can  only  be  mar 
the  spot.  There  are  manifest  differences  of  orographicol  c 
in  tho  two  regions,  that  could  not  but  entail  correspondii 
cations  in  tho  results  of  a  process  such  as  I  hayo  supposed 
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are  not  yet  in  a  poeitioii  to 
Mtf  dedu€tivel]r  what  these 
■htnild  be.  The  descrip- 
tiona  I  have  been  able  to 
exunine  arc  so  wantiii^  in 
detail    upon    the    crucial 

r'nta  of  the  section,  that 
can  only  make  vague 
idmtificationB  of  parallel 
features. 

The  great  aoticlinsl 
throughout  the  zone  of  dia- 
turhancc  in  the  Molassc 
would  eocm  to  find  its 
counterpart  in  the  Sivalik 
Hilla.  Throughout  the 
whole  Korth-wcst  Hima- 
Isjas  these  flanking  hilla 
m  connected  with  an  an* 
ticlinal  axia,  which  geae- 
nlly  runs  along  their 
toathem  base,  the  soathom 
limb  of  the  flexure  having 
been  denuded  and  covered 
bj  detritus. 

The  remnant  of  bottom 
beda  of  the  Molasee  seiica, 
to  frequently  found  along 
the  main  boundary,  be- 
tween the  Nagelflnhe  and 
the  Secondary  rocks  of  the 
mountains,  may  be  the 
phynoal  equivalent  of  the 
K^nn  hand.  As  far  as  I 
can  make  out,  it  is  upon 
tiie  presence  of  these  rem- 
nanb  that  the  supposition 
of  inversion  of  the  younger 
rocks  at  the  contact  has 
been  founded,  and  ex- 
tended to  such  sections  as 
those  of  the  Bigi  and  the 
^eer ;  but  if  my  oonjec- 
tne  be  correct,  this  would 
be  nnnecessary  and  em>- 
neona.  The  ^nndation  of 
tbe  Lower  BivalikB  oon- 
seqnent  npon  devatien, 
whidi  in  theSnbbimalayan 
region  was  arrested  well 
■Imi  of   tbe    moontun- 
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slopes,  may  iu  the  Sul)a1pinc  n^on  hare  proceeded  uDtil  there  were 
left  only  detuched  rcmnitnts  of  the  upmised  Lower  UohuMo,  which 
■were  suYctl  from  total  mnoval  hy  tlie  enoronching  depoaitioii  of  the 
torrcntinl  dctritUB  forming  the  Upper  Molaasc.  Subsequent  com- 
prcsaion  cuiucident  with  a  einking  of  the  mountain- mass,  which 
nlRO  Rcems  to  have  gone  to  greater  lengths  in  the  Alps  than  in  the 
llimalayas,  might  in  such  a  cnse  obliterate  any  dne  to  such  an 
original  relation.  The  necessity  for  Buggesting  this  interpretation 
is  the  more  surprising,  sinco  almost  all  Alpine  geologists  agree  that 
the  actual  boundary  of  the  MolasBo  ia  approximately  in  the  poaition 
of  the  original  limit  of  deposition.  None  state  explicitly  what  is 
supposed  to  have  become  of  tlie  original  contact. 

The  much  debuted  question  of  the  formation  of  the  great  Alpine 
Likes  at  once  finds  a  place  in  the  hypothesis  I  am  proposing.  Thia 
hypothesis  assimilates  the  main  feature  of  the  explanation  given  by 
Sir  Charles  Lycll,  as  already  noticed,  and  is  free  from  the  discre- 
pancy I  have  point«d  out  in  that  explanation.  The  presence  of 
these  lakes  is  corroborative  evidence  of  the  sinking  of  the  mountain- 
mass  and  the  rising  of  the  fringing  zone,  of  which  more  direct  proof 
bus  been  sought  in  tho  structural  features.  I  think  that  the  formation 
of  these  lakes  wiis  more  or  lees  coincident  with  the  contortion  of  the 
Holnssc.  aud  with  tho  concurrent  partial  cloration  of  tho  zone  at  the 
base  of  the  mountains,  both  results  being  due  to  tho  depression  (£ 
the  central  region.  A  period  of  continental  elevation,  such  as  tho 
tubcranco  of  il.  de  Beaumont's  theory,  succeeding  to  a  period  of 
tranquillity,  would  have  arrested  the  deposition  of  the  Uolaase,  and 
brought  on  a  period  of  denudation,  just  as  was  supposed  by  U. 
Kaufmann.  The  great  valleys  then  received  their  final  clearing  out, 
preparatory  to  their  conversion  into  lakc-boains.  In  due  time  do- 
prcsRion  of  the  culminating  regions  of  olcvation,  and  compreesioo, 
with  reflex  partial  rising  of  the  border-zone  would  supervene. 
Although  adopting  tho  maxim  that  the  original  main  drainage  of 
any  area  of  elevation  must  bo  transverse  to  the  axis  of  that  area, 
since  any  such  drainage  must  pari  pattu  develops  secondary 
drainage,  transverse  to  itself,  and  therefore  longitudinal  with  refe- 
rence to  the  axis  of  elevation,  one  may  admit  with  IL  Kaufmann 
some  small  influence  to  these  secondary  linos  in  guiding  tho  lines  at 
contortion  (which  are  esacntially  longitudinal)  when  the  compmnng 
action  began  to  operate.  The  chief  objection  to  this  mode  of  relataon 
of  tho  actaal  general  coincidence  of  these  features  is,  that  the  regu- 
larity and  continuity  of  tho  lines  of  flexure  seem  incompatible  with 
so  very  accidental  aud  superficial  an  influence  as  that  of  secondaij 
lines  of  drainage. 

It  may  be  said  that  the  Himalayan  parallel  fails  to  mpport  me 
hero ;  there  arc  no  great  lakes  along  the  baso  oi  this  nag«.  Sir 
Charles  Lyell  has  eu|^ested  that  the  absence  of  gUdeis  in  tha  sub- 
tropical latitudes  may  account  for  the  want  in  that  poaition  of  laku 
analogous  to  those  of  the  Alps,  It  might  have  bees  known  fioBi 
tho  first  that  this  removal  of  on  admitted  obstacle  to  his  theoir  was 
of  little  avail ;  for  ollnvial  flats  holding  tho  place  of  tfaa  Uus  la  tha 
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main  gorges  of  the  mountains  (for  the  prevention  of  which  alluvial 
deposition  glaciers  were  admitted  as  secondary  though  almost 
essential  agencies  in  the  hypothesis)  would  equally  well  attest  the 
action  of  Uie  principal  agency  appealed  to.  Alluvial  flats  of  this 
nature  do  not  exist  in  the  Himcilayas ;  the  great  rivers  are  torrential 
throughout  their  entire  course  to  the  plains.  It  is  evident,  however, 
that  the  production  of  such  lakes  is  a  very  non-essential  result  of 
the  whole  process  now  under  consideration,  and  contingent  upon  a 
number  of  circumstances,  in  degree  and  in  kind.  All  other  con- 
ditions being  alike,  if  in  one  case  the  erosion  of  the  valleys  were 
much  more  complete  than  in  the  other,  the  same  relative  movement 
would  produce  lake-basins  in  that  case,  while  there  could  be  no  such 
result  where  the  fall  of  the  main  drainage  was  very  steep.  Or,  the 
same  amount  of  vertical  movement,  equally  efficient  for  the  structural 
results  required,  may,  from  unseen  influences,  be  very  differently 
distributed  in  two  cases ;  the  central  subsidence  might  be  localized 
at  and  about  the  centre,  with  little  or  no  rise  along  the  flanks.  By 
some  such  plausible  modification  as  this,  the  great  lake-basins  of  the 
central  Himalaya  may  bo  the  true  analogues  of  the  fringing  lakes  of 
the  Alps. 

I  quite  admit  the  force  of  the  difficulty  which  induced  Sir  Charles 
Lyell  to  introduce  glacial  action  as  a  subsidiary  agent  in  the  for- 
mation of  the  great  Alpine  lakes.  I,  too,  should  have  thought  that 
the  aceumulation  of  torrential  debris  would  have  kept  pace  with 
the  formation  of  the  basin.  If  the  objection  is  sound,  it  quite 
upsets  the  supposition  I  have  made  regarding  the  age  of  tiie  Alpine 
kdLe-basins.  It  rests,  however,  on  a  purely  d-priori  judgment,  and 
cannot  outweigh  a  fair  accumulation  of  evidence  on  the  other  side. 
If  that  judgment  proves  unfounded  we  shall  have  acquired  a  pro- 
visional limit  and  gauge  for  the  rapidity  of  the  crust  movement  *. 

There  is  a  weU-known  difficulty  in  Swiss  geology  that  may,  I 
think,  be  reduced  by  the  supposition  I  have  advanced  as  to  the 

*  Some  years  ago  Mr.  H.  F.  Blanford  applied  tJiis  mode  of  explanation  to 
mna  roek-basins  in  the  Nilghiri  Hills.  See  Mem.  G^l.  Surrey  of  India,  toI.  i. 
pp.  241-243:  1850. 

AUJiQtigV*  I  haye  attempted  to  substitute  another  explanation  for  that  given 
by  Professor  Ramsay  of  the  formation  of  the  great  lake-basins  of  Switzerland,  I 
rally  assent  to  the  power  of  glaciers  to  form  rock-basins  under  certain  conditions. 
An  observation  I  made  in  Switzerland  remoyed  a  mistaken  h-priori  opinion 
tfast  had  until  then  stood  in  my  wav.  The  observation  must  be  patent  to  many, 
thongh  I  have  not  seen  it  desmbea ;  but  as  the  mistaken  notion  to  which  I  refer 
leems  to  have  still  greater  currency  (it  is  the  principal' objection  urged  against 
I^qC  Ramsay's  views  in  a  recent  presidential  address  to  the  Geological 
Society),  I  may  notice  the  observation.  Supposing  a  rock-basin  formed  and 
iUed  with  ioe,  it  is  often  doubted  if  there  ooiud  be  enoui^  of  tractive  force,  or 
even  of  mi  a  Urgo,  to  exercise  a  soooping-action  within  we  basin ;  it  is  thought 
that  the  upper  ioe  would  flow  on,  leaving  that  in  the  basin  almost  undisturbed 
The  litUe  lake  of  Lun^em  lies  at  the  outlet  from  the  fine  amphitheatre  cut  in 
the  flanks  of  the  Brunig.  The  rock-barrier  is  so  steep  and  narrow  that  it  has 
been  considered  worth  while  to  make  a  tunnel  fifty  feet  below  the  rim,  for  the 
sake  of  the  land  gained  at  the  delta  by  the  partial  drainage  of  the  lake.  The 
pifcmitoiis  upwwrd  i»ot  of  the  rock-baurier  is  thus  admirably  exposed ;  and  it 
aisplaj«  nomerouB  deep  and  regular  grooves,  the  unmistakeable  marks  of  the 
action  in  question. 
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period  of  formation  of  tlie  bssins  of  Lho  great  lakes,  thus  strGngthen- 
ing  tho  validity  of  that  supposition.  It  is  the  compoaitian  of  the 
bunttT  Nngellluliu.  May  not  the  unknown  debris  of  this  deposit  have 
been  derived  &om  the  portions  of  the  vallej'S  now  depressed  out  of 
sif;ht  !■'  This  is  surely  a  more  likely  conjecture  than  that  of  >ni. 
Eaeher  and  Studer  (as  quoted  in  M,  Hecr's  work,  '  Die  Urweh  der 
Schweiz '),  of  a  ridge  of  these  peculiar  crystalline  rocks  along  the 
north  bnae  of  the  Alps,  the  remains  of  which  ridge  have  since  disap- 
peared down  a  ti»Biire,  and  been  further  put  out  of  sight  by  the  lateral 
sliding  of  the  limestone- mountains  !  If  the  great  lake-volleys  were 
still  exposed  to  observation,  if  this  phase  of  the  process  of  distur- 
bance had  not  extended  to  so  much  greater  lengths  in  the  Alps  than 
in  the  Himalayas,  we  might  find  iu  this  peculiar  debris  evidence, 
of  the  Bnmo  kind  as  1  httvo  noticed  in  the  Sivolik  rocks,  for  the  per- 
manence of  the  Prteraolaa^  streamcourses. 

There  are  a  few  imagnifieant  lakes  along  the  outer  fringe  of  the 
Himalayas  that  are  evidently  duo  to  movements  of  the  kind  we  ore 
supposing,  since  the  actual  valleys  were  carved  out.  The  Kunduln 
lake,  on  the  road  from  Roopur  to  Belaspoor,  is  the  most  typical  at 
this  kind.  The  old  lacustrine,  or  at  least  alluvial,  area  about  BeUs- 
poor  itxelf  and  that  about  Haut,  north  of  Subathoo,  ore  of  like 
character. 

Although  not  attaching  the  same  importance  as  has  he^i  giren 
by  several  Alpine  geologists  to  the  subtropical  character  of  the  buna 
and  flora  of  the  Molasse,  as  deciding  the  low  elevation  of  the  Alps 
in  that  period,  compared  with  their  present  state,  I  may  point  out 
that  the  scries  of  changes  I  am  supposing  would  embrace  such  a 
position.  Dvon  the  known  distribution  of  Und  and  sea  in  the 
llolasso  poriod  would  go  far  to  account  for  the  required  difference  of 
climate.  Itisevideut,  however,  that,  atthecommencoment  of  the  con- 
tinental olevation  which  has  been  supposed  to  have  interrapted  the 
accumulation  of  the  Molosae,  the  central  mountains  may  have  been 
lower  than  now.  The  word  amtinfntal  as  applied  to  elevation 
implies  only  slow  movement,  a  large  urea  affected,  and  perhaps  no 
abrupt  linear  limitation  to  that  area,  such  as  would  be  the  *'  bos- 
sellcment "  in  M.  do  ^Beaumont's  theory.  The  last  condidoa  impliea 
a  very  decided  line  of  maximum  elevation,  which  is  all  we  requiie 
for  the  point  under  discussion. 

If  the  view  I  have  attempted  to  illustrate  should  not  prove  in 
any  sufficient  mann.er  explanatory,  even  of  the  Bubhimalayan 
sections,  it  will  not  hare  been  useless  to  discuss  a  supposition  that  is 
&irly  plausible,  and  which  therefore  should  not  have  been  so  ignored 
as  it  has  been,  to  the  best  of  my  knowledge,  in  discussions  ot  AlpiDe 
sections  and  of  mountain-formation  in  generaL 
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2.  Oft  ^  GsoLoeT  of  the  Pbhtcss  IsLAinMi,  in  the  Ssa  of  Marmora, 

TuBiiT.    By  W.  R.  SwAW,  Esq. 

[Communicated  bjr  Sir  B.  I.  Morohison,  Bart.,  1LC.B,,  F.B.S.,  F.G.8.,  &o.] 

(Bead  June  19th,  1867  ».) 

CONTEHTS. 


1.  Introdiiction. 

2.  Island  oi  Frinkipo. 

a,  Trachytio  rocln. 

b.  Trap  rocks. 

r.  Frimarj  Bedimentarj  strata. 

3.  Island  of  Andiroyitho. 

4.  Island  of  Chalki. 


5.  Island  of  Fetala  or  Feta. 

6.  Island  of  Anti^ni. 

7.  Island  of  Froti. 

8.  Island  of  Niandros. 

9.  Island  of  Flati. 

10.  General  Obsenrations. 


1.  Introdtictian, — It  was  daring  a  visit  to  Prinkipo,  the  largest 
of  the  Princes  Islands,  in  the  summer  of  1864,  that  I  first  had  an 
opportunity  of  studying  the  geological  features  of  that  island ;  and 
the  discoYeries  I  then  made  were  of  so  interesting  a  character  as 
to  induce  me  to  continue  the  examination  of  the  remaining  eight 
islands. 

Before  going  into  a  detailed  account  of  each  island,  I  will  here 
relate  some  of  the  chief  points  of  interest  met  with,  namely : — 

(1.)  The  existence  of  a  considerable  tract  of  Devonian  strata, 
partly  fossiliferous,  in  several  of  these  islands,  of  an  age  different 
from  that  of  the  beds  of  the  Bosphorus,  which  latter  I  have  already 
shown,  in  a  former  paper  to  the  Geological  Society  t,  to  belong  to 
the  lowest  of  the  Devonian  series  of  the  Rhine.  Mao  the  existence 
of  the  remains  of  "  fish"  in  the  above  strata,  and  an  ancient  **  coral 
reef." 

(2.)  That  the  rocks  which  form  the  remaining  portions  of  these 
islands  are  trachytio,  and  of  younger  age  than  the  Devonian  strata. 

(3.)  That  the  trap  rocks  of  these  islands  are  of  younger  age  than 
the  trachytic. 

(4.)  That  the  quartz  rocks,  of  which  some  of  the  islands  are 
largely,  and  some  entirely  composed,  are  altered  sandstones  of  Devo- 
nian age,  which  clearly  explains  the  occurrence  of  similar  quartz 
rocks  on  the  Bosphorus,  which  are  seen  in  the  mountains  of  Bul- 
gorlou  and  TchemHdja,  behind  Scutari,  and  referred  to  by  Mr. 
Hamilton  in  his  *  Observations  on  the  Geology  of  Asia  Minor.' 

Proceeding  now  with  the  descriptions,  I  shall  take  first  the  Island 
of  Prinkipo,  and  then  follow  on  with  the  other  islands  in  the  order 
of  sacoession  of  the  strata  (and  not  according  to  their  size),  so  as  to 
make,  as  nearly  as  possible,  a  continuous  narrative. 

2.  Island  of  Prinkipo. — ^This  island  is  the  largest  in  size  of  the 
groap,  being  about  two  miles  and  three  quarters  in  extreme  length 
from  N.£.  to  S.W.,  and  about  one  mile  in  greatest  breadth  from  E. 
to  W.  The  mountains  of  San  Cristo  and  San  George,  rising  respec- 
tively to  the  heights  of  450  and  650  feet  above  the  level  of  the  sea, 
divide  the  island  into  two  almost  equal  parts  from  the  north  to  the 

*  For  the  other  oommunicatioQs  read  at  this  Erening-xneeting,  see  Quart. 
Joom.  G«dL  See.  vol.  xxiii.  pp.  327  et  tea, 
t  Qnart.  Joum.  Geol.  Soc.  voL  xx.  p.  114. 
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south,  the  Tatorshed  bcin^  eaat  and  west  The  stnta,  in  like 
innnner,  take  tho  some  diTision,  tlio  northern  portion  being  for  the 
mwt  part  cqnipoBcd  of  volcanic  rocks,  and  the  aonthem  of  primary 
Bcilimoiitarj-  diipouits.  Viewed  at  a  distance,  from  the  deck  of  the 
BtcaiuLT,  'n'hcTi  nppruocliing  Prinkipo  from  tho  west,  the  most  caaual 
olinervcr  cannot  but  bo  struck  with  tho  (trent  difference  in  the  phy- 
sical uaiMict  of  the  two  mountaiuB ;  for  while  the  soft  trachytic  rocks 
of  Hiin  Cristu  have  been  rounded  into  beautiful  outlines  by  the  action 
of  tho  atinoHphcre,  the  hard  quartzoao  rocks  of  Son  George  hare 
withstood  the  ravugus  of  time,  and  stand  out  in  rugged  mosece  and 
conieul  peaks. 

Thostrutaare  divided  into: — (1)  Volcanic  or  eruptive  rocks,  which 
may  bo  subdivided  into  Trachytic  and  Trappcan  ;  and  (2)  Primary 
seilimciitary  roeks. 

It.  Tivchiflic  ro !'£-«.— Commencing  from  the  extreme  north-easton 
point  uf  the  island,  at  the  village  of  Prinkipo,  and  passing  along  the 
western  side  by  the  Ville  do  Giaeomo  and  Morton's  Flour-mill,  and 
thence  beyond  a  httle  buy  that  lies  south  of  the  great  ]iromontoiy 
that  juts  out  firom  tho  mainland  to  the  west,  the  strata  are  com- 
posed of  white  trachytic  rocks,  of  a  feldspathic  nature,  in  general 
e<ift,  forming  simd^tonca  in  part,  which  are  composed  then  of 
siliccoiis  crystals  in  a  feldspathic  paste,  unstrati£ed  and  )ointc<i, 
the  joints  beiti^  further  cemented  by  the  infiltration  of  iron  iu  many 
pnvts,  eolouring  tho  face  of  tlie  stone  at  the  joints  of  a  dark-red  and 
blackish  colour.  There  aro  extensive  quarries  opened  out  on  theae 
Buudstones  nrouud  the  brow  of  the  San  Cristo  Mountain,  where 
the  straU  can  be  well  examined ;  some  of  thn  quarries  have  a  per- 
pi-udieolar  face  of  fi'om  40  te  50  fei't ;  aud  the  stone  works  into 
anguhir  blocks,  affording  a  very  ordinary  but  durable  building-stou 
of  modemle  hardness.  No  signs  of  stiati&Mition  whatcrer  are  to  bo 
observed  in  these  rocks.  In  other  parts,  the  trachytes  ore  coraposed 
of  a  soft  stone,  or  kaolin,  which  readily  decomposes,  wherever  ex- 
posed to  tlic  action  of  the  atmosphere,  into  a  very  pure  IcEolin, 
capable  of  being  used  largely  in  tho  manufacture  of  pottery-ware. 
Tho  joints  being  the  harder  snbetonce  in  this  latter  rock,  from  the 
iron  cement,  are  loss  decomposed  than  the  body  of  the  stone,  and 
stand  out  in  the  sea-clif&  a  complete  system  of  network,  of  a  AaA- 
Tcd  colour. 

In  approaching  the  Primary  strata  the  trachytes  become  men 
nlieeons,  and  alternate  with  bods  of  quarts  rock.  Here  also  mndi 
brown  iron  ore  hsa  been  deposited  in  the  joints  of  the  tnchytio 
rocks,  rendering  them  in  port  metoUifcrons,  and  changing  their 
colour  to  a  dark  red.  In  the  cliffs  immediately  to  the  north,  a  band 
of  these  metalliferous  trachytes  is  exposed  for  not  leu  than  70  yards 
in  breadth,  and  most  proltably  extends  across  the  Island  at  the  Has 
of  junction  of  the  volcanic  andsedimentanr  rooks,  aa  the  femguum 
depocdts  are  again  met  with  on  the  north-eastern  aide,  of  wliii^  1 
ahull  have  to  speak  presently. 

Setuming  again  to  the  extreme  north-eastern  point  of  the  ialasd, 
and  going  thence  along  the  eastern  coast,  immediately  after  leaTini 
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the  village  of  Prinkipo,  the  white  trach3rte8  are  again  seen  cropping 
out  with  their  red  joints ;  then,  continuing  on  for  about  100  yards 
further,  we  arrive  at  a  narrow  strip  of  Primary  strata  composed  of 
grey  and  purple  shales  and  grey  limestones,  which  continue  along 
the  beach  for  a  distance  of  about  450  yards,  until  the  trachytes  are 
again  met  with  in  the  cliffs,  alternating  with  the  Primary  strata  as 
far  as  the  Bay  of  San  Nicolo,  where  they  come  in  contact  with  the 
quartzose  primary  rocks  of  San  George,  and  end  there. 

Here  again,  on  this  side  of  the  island,  at  the  junction  of  the  vol- 
canic and  Primary  rocks,  large  deposits  of  brown  iron-ore  have  taken 
place,  but  in  greater  abundance  than  in  the  beds  of  the  west  coast ; 
and  near  the  ruins  of  an  ancient  monastery,  large  quarries  were 
opened  out  on  the  ore,  about  17  years  ago,  by  the  Turkish  Gk)vem- 
ment,  furnaces  erected  to  roast  it  (to  be  afterwards  used  in  the 
blast-furnaces  at  Zeitunboumou),  and  magazines  and  houses  for  the 
workmen  built,  at  a  great  outlay  of  capital  and  labour.  The  whole 
works  were,  however,  abandoned  again  within  a  very  few  months 
from  the  time  of  their  commencement ;  and  a  large  quantity  of  the 
quarried  ore  is  lying  at  the  furnaces  to  this  very  day,  just  as  when 
the  works  were  last  in  use.  The  ore  does  not  occur  in  regular 
veins  or  beds,  but  in  irregular  masses  or  bunches,  at  the  joints  of 
the  rock ;  and  in  one  quarry  the  ore  has  been  followed  down  to  the 
depth  of  60  or  70  feet,  and  the  mine  abandoned  in  apparently  poorer 
ground.  The  rock  enclosing  the  mineral  is  highly  siliceous ;  and 
this  must  have  enhanced  greatly  the  cost  of  production  of  the  ore, 
and  was  probably  a  chief  cause  of  the  works  being  abandoned. 

Aacending  the  mountain  from  these  quarries,  the  strata  gradually 
change  their  highly  siliceous  and  metalliferous  character  until  they 
become  again  t£e  ordinary  soft  white  feldspathic  trachytes  devoid 
of  iron,  which,  along  with  the  white  sandstones  above  mentioned, 
are  the  prevailing  rocks  of  the  northern  portion  of  the  island. 

The  phenomenon  of  ironstone  in  the  trachytes  of  Prinkipo,  at 
their  junction  with  the  older  strata,  is  curious,  and,  excepting  to  a 
very  iLmited  extent  in  Chalki,  does  not  occur  in  any  other  of  these 
ishmds ;  and  this  is  in  contradistinction  to  the  trachytes  of  the  Bos- 
phorua,  where  deposits  of  copper-ore  (pyrites)  have  taken  place  at 
their  junction -with  the  Devonian  strata  behind  th^  village  of  Seriyeri, 
on  the  RoumeUan  side  of  the  Bosphorus.  These  occur  in  small  irre- 
gular veins  and  bunches,  of  considerable  pureness ;  and  mines  have 
been  opened  in  them  for  several  years ;  but,  from  the  imperfect  mode 
of  working,  they  have  not  been  successful  as  a  speculation. 

In  one  spot  only  in  Prinkipo  have  1  been  able  to  detect  the  pre- 
sence of  copper ;  and  this  occurs  at  a  trap  dyke  in  the  trachytes, 
exposed  to  view  in  a  small  ravine  to  the  east  of  Morton's  Mill,  where 
the  dyke,  about  8  feet  in  width,  and  composed  of  white  crystals  of 
ftldspar  and  dark-green  crystals  of  hornblende  in  a  feldspathic  paste, 
is  coloured  light-green  by  the  presence  of  copper.  It  is  also  dis- 
seminated through  the  adjoining  trachytes  and  quartz  boulders  in 
minnte  green  crystallized  veins  of  carbonate  of  copper.  This  copper 
is  doubdees  derived  from  water  containing  a  solution  of  that  metal. 
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porcoladng  from  the  interior  of  the  trachytic  rocks  l^  the  mcditun 
of  the  trap-dyke  ;  but  whether  the  source  is  from  veiiie,  or  othcr- 
wiBO,  ia  at  present  unknown. 

b.  Trfip  rofirs. — The  trap  rocks  of  the  islands  may  be  regsrdfd 
as  proTcd  to  be  younger  than  tho  trachytes,  from  the  fact  juat  now 
stated  of  the  former  piercing  through  the  latter  near  Morton's  Hill. 
Trap  dykes  occur  at  many  points  of  all  tho  islands,  but  principally  in 
tho  sedimentary  strata. 

r.  Primary  sedhnentiirif  sh-aia. — I  have  already  referred  to  a  strip 
of  Primary  strata  Ijing  on  tho  north-eastern  side  of  this  island; 
these  consist,  in  an  ascending  order  to  the  south-west,  of : — 
1.  A  band  oTgrej  limMtimo,  in  vMeh  I  detected  Btemi  of  Encrinitai. 

a  hore  and  tbere  croppiog  out  from 

The  above  strata,  along  their  whole  extent,  are  much  disturbed 
by  close  proximity  to  the  trachytic  rocks,  their  general  dip  being  t« 
the  west,  and  their  range  from  north  to  south.  Fine  secttons  of 
contorted  strata,  on  a  small  scale,  are  seen  here,  made  doubly  dear 
by  tho  alternation  of  thin  bands  of  grey  and  purple  shales,  which 
mark  distinctly  the  effect  of  side  pressure.  They  then  extend  as  far 
Of  the  ironworks  mentioned  above,  and  are  succeeded  by  the  tra- 
chytes for  about  200  yards,  to  be  followed  for  about  40  yards  by 
yellow  and  wliitiah  clays  and  thin  bands  of  grey  grit  which  dip 
to  the  south-east  at  their  northern  end,  and  N.  36°  W.  at  their 
Bouthcm  end,  at  a  moderate  angle.  Tho  primary  strata  now  dis- 
appear entirely  for  about  350  yards  farther,  and  come  In  again  at 
the  Itay  of  San  Nicole,  where  white  quart^osc  rocks  are  seen  alter- 
nating with  the  trachytes,  and  dipping  due  south  at  an  angle  of  60°. 
I'asMing  now  across  the  Bay,  which  is  covered  ground,  the  first  strata 
seen  in  the  cliffs,  beyond  the  Uonastcry  of  San  Nicolo,  are  quartioee 
sandstones  dipping  S.  15°  W.  at  30°,  followed  in  an  ascending  order 
by:— 

1.  CUjshmea  of  yellow,  purple,  brown,  and  wbiti  ooloun,  in  part  aoft  and 
deoompo"""" 


8.  A  bed  of  browQ  conBlomnuto  of  quarband  ahalo,  trilh  black  banda. 


A  bed  of  browQ  conBlomnuto  of  quara  and 
Willie  qiioi-U.)M!  luiii  for  about  3)0  yarfi 


I  A  bed  of  moltled  grcr  and  purple  Urge-gnuii«d  undshme,  irilh  amall 

I     imbedded  jK'bblfa  of  qu&rti. 

|l  Thick  bcd'<  of  Lnrd  quarli  rock,  eridentlT  utratifled  aloiur  with  the  other 

bedn,  Btid  dipping  6.  65"  W.  at  40°. 
R.  Small  bands  of  n  iofl  purplish  ihale  betwsen  bedi  of  quarli. 
7.  ThlDk-bolded  wliite  tabular  quarti  thence  mat  a  littb  pebbljbsT  to  tha 
oitreme  eoutli-eaetcm  point  of  t^  iiland,  in  whidi  tho  aliat&oatian 


the  Hntheni  ude  of  tho  ialand,  tlie  same 

be  Hen  in  bold  and  rugged  olifi  until  we 

id  of  foBoiliferous  strata  forming  a  pronumtory 

***  "-'  reiuify.     Thciie  conaist,  in  an  aocooding 
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1.  Bedfl  of  claTnione,  soft  and  decomposed  at  their  junction  with  quarts 

rocks. 

2.  Thick  beds  of  grej  saboiystalline  limestone. 

3.  Blnish-mj  claystone,  containing  true  Deronian  foesila,  such  as  Pkaeopa 

or  Ikumania  punctata  (both  coiled  and  straight  specimens),  Orthoce' 
raia^  small  Goniatites,  and  a  large  Belierophon  ? 

4.  Dark  limestone  and  purple  shale. 

5.  Yellow  soft  days,  containing  Braohiopoda,  Encrinite  stems,  &o.  much 

decomposed  and  not  describable. 

6.  Grey  shale  contorted. 

7.  Green  and  brown  claystone,  hard,  with  small  nodules  of  brown  lime- 

stone, yielding  an  excellent  stone  for  building-purposes  and  quarrying 
into  Isfge  blcwks. 

Taming  now  along  the  western  side  of  the  island,  these  strata 
flank  the  quartz  rocks  for  a  few  hundred  yards,  until  they  are  cut 
off  by  them  at  an  indent  of  the  land,  but  are  succeeded  again  a 
short  distance  farther  on  by  other  fossiliferous  strata,  which  are 
evidently  a  continuation  of  the  series  just  described,  and  are  seen 
in  the  cli£&  in  the  following  descending  order.  The  distances  given 
are  not  the  thicknesses  of  the  beds,  but  the  mcosuremeut  of  the 
ooast-line. 

1.  Soft  rotten  yellow  shales  for  about  100  yards,  forming  the  junction  with 

the  quarts  rocks. 

2.  Thick  and  thin  beds  of  grey  limestone  in  grey  and  reddish  shales  for 

several  hundred  yards,  lossiliferous,  and  dipping  S.  65°  W.  at  ()0°. 

3.  Beds  of  grey  limestone  in  purple  shales,  containing  laree  and  small 

Ofikocerata,  Trilobites  of  the  genus  Pkacops  (both  straight  and  coiled, 
and  very  similar  to  P.  biufo  of  the  Hamilton  beds,  America),  Cup- 
corals,  and  a  small  LepUgna,  for  sereral  yards  along  the  coast. 

4.  Yellow  and  brown  shales,  hard  and  soft  beds,  for  about  40  yards,  con- 

taining:— Orthocerata,  small  Goniatites,  Cup-corals,  one  species  very 
similar  to  CyathophyUum  Dtcheni  of  the  Eifel,  C.  c<B»pito9um^  &c. ;  of 
Trilobites,  two  or  three  species  of  Phaccps^  straight  and  coiled,  P. 
{Dalmania)  punctata^  yery  characteristic,  and  P.  6t</S,  &c. ;  of  Brachio- 
p<>da,  Lept€Bna^  OrihU,  Rhynchanellat  Atrypa,  and  one  Spirifer,  all  yery 
minute  species ;  small  Encrinite  stems,  and  minute  fragments  of  bone 
or  spicula  on  yellowish  shale,  and  a  Calceolaf 

5.  Ghreen  clajstone,  and  purple  and  green  shales  with  beds  of  grey  fossili- 

ferous hmestone,  for  about  50  yards ;  full  dip  S.  30°  W.  at  from  60° 
to  70°. 

6.  Yellow  claystone  with  nodules  of  grey  fossiliferous  limestone  for  about 

13  yards,  containing  a  Coral  like  Favontes  Gothlandiea. 

7.  Purple  and  white  eludes  with  bands  of  limestone  for  about  33  yards, 

fossiliferous  in  the  pnrple  shales,  and  containing : — Cup-corals,  Bnchio- 
poda  {Leptana,  Sjpiri/era,  and  Orbicula) ;  and  small  6K>niatites  with 
markings  y&j  similar  to  G,  MarcelUntis  of  the  Hamilton  beds,  Ame- 
rica; of  Trilobites,  Phacopa  hufo  &o. ;  and  a  small  " bone"  of  a  fish. 
The  dip  is  S.  45°  W.  at  30^. 

8.  Gr^,  purple,  and  satinv  yellow  shales,  with  beds  of  grey  limestone  for  a 

distance  of  about  200  yards,  yery  much  disturbed  and  contorted,  and 
lying  nearly  perpendiciuar.    Line  of  Rtrike  S.  75°  E. 

9.  A  bed  of  tndiytio  stone,  light-brown  colour. 

10.  Brown  davstone,  with  small  nodules  of  light-brown  limestone,  hard  and 

thiek-beaded  (yery  similar  to  that  obseived  at  the  S.W.  promontorv), 
along  with  thin  beds  of  grev  limestone,  for  about  50  yards.  Full  dip 
K.  ^°  S. ;  well  shown  in  (ui£b,  and  lying  nearly  perpendicular. 

11.  Soft  dajBtone  mixed  in  part  with  thin  grey  grit-stone,  for  30  yards. 
13.  Gray  shale  with  limestone  nodules  for  13  yards ;  flill  dip  N.  20°  E. 
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13.  CFrniflh  ilute  nr  cloyiloiMi,  rintifled,  for  15  jvAb,  and  dippiog  ibvot 

M.  (S=  E. 

14.  Soft  jellowi^'h  Btone  with  ironitone  for  13  fardi,  mut^  contortoL    This 

ttoneluui  no  appearance  of  itratiflcation,  and  doM  not  ^>parentlj  brloug 
tu  llie  laine  offi  of  rock«  aa  the  adjoining  shalca. 

15.  Trachjtic  mcka,  alreadj  mentionad  aboTe. 

Harinif  now  described  tUe  vhole  of  the  Primary  strata  of  the 
itdand,  it  will  bo  readily  seen  tliat,  setting  aside  tlie  variationB  and 
contortiona  of  the  beds  in  the  vicinity  of  the  trachytic  rocka,  a  dis- 
tinct ascending  order  of  Primary  atrata  can  bo  traced  from  tbe  north- 
eostem  to  the  south-western  portion  of  the  island. 

The  fosailiferous  argiUaceoua  strata  of  the  scries  form  bat  a  thin 
imperfect  band  as  compared  with  the  great  mass  of  quartz  rocks, 
of  which  almost  the  entire  body  of  the  San  George  Jlountain  is  com- 
posed ;  but  they  are  sufficient  to  fix  their  age  aa  true  Devonian 
strata.  I  shall  reserve  any  ftirther  remarks  as  to  their  exact  posi- 
tiuu  in  the  BcvonUn  series  imtil  the  description  of  the  adjoining 
island  of  Andirovitho  has  been  given,  whore  much  additional  evidence 
has  been  discovered. 

The  question  of  the  origin  of  the  qunrtiose  rocks  met  with  on  the 
Jiosphorus  and  in  the  adjoining  islands  is  clearly  solved  on  the 
south-east  const  of  Prinldjio  ;  for  we  tind  those  rocks  inteistratified 
there  with  other  beds  of  a  different  character;  whilst  on  the  very 
top  of  the  Sun  Ocorgc  there  is  a  thick  bed  of  conglomeratic  quartx 
composed  of  large  rounded  boulders,  which  is  evidently  the  rtimiiina 
of  an  ancient  aca-booch.  The  sandstones  of  the  series  have,  in  fact, 
been  motamoqihosod  into  a  solid  qnarti  rock. 

And  could  net  the  phenomenon  of  the  ironstone  at  the  janctiati 
of  these  rocks  and  the  trachytes  bo  accounted  for  also  by  the  total 
absenco  of  this  substance  in  the  quarta,  when  we  know  that  aond- 
stonea  generally  contain  a  considerable  proportioa  of  iron  ?  Could 
it  not  have  been  molted  out  of  the  adjoining  sandstonea  by  intense 
hcut  at  tho  time  of  the  eruption  of  the  tradiytee,  and  nm  off  into 
these  rocks ;  just  as  iron  is  extmcted  from  the  ore  by  smelting  in 
modem  times  ? 

3.  Iiland  of  Aaftirovi'lho. — This  island  is  situated  on  the  eastern 
side  of  Prinkipo,  and  measures  about  1100  yards  is  length  by  600 
yards  in  extreme  breadth.  With  the  exeeption  of  a  small  spot  of 
cultivated  land  at  the  extreme  end,  tho  island  is  barren  and  rocky, 
and  ita  greatest  height  above  the  sea-level  does  not  exceed  60  or 
70  feet 

Tho  strata  are  composed  entirely  of  sodimentuy  rocks,  and,  from 
an  inspection  of  their  enclosed  foaailB,  are  of  Devonian  age ;  and  tliey 
are  exceedingly  iuterestii^  aa  exhibiting  an  entirely  new  series 
compared  with  that  of  the  Bosphoms,  the  fossila  also  bung  found 
here  in  a  much  more  perfect  state  of  preservation.  limeatone  is  the 
prevailing  stone  of  the  island ;  and  some  of  tlie  beds  are  of  great 
thickness  and  purity.  Here  a  profunon  of  corsls  ia  to  be  aeen, 
and  in  M  much  more  abundance  than  anywhere  on  tho  Bomborus 
or  the  adjoining  mainland,  that  these  strata  may  with  pnpiu^  be 
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designated  the  *'  Coral-reefii  **  of  the  Deyonian  syBtem  of  Tnrkey. 
Some  beds,  in  particular,  seem  to  be  entirely  composed  of  a  mass 
of  ancient  coral.  The  fall  dip  of  the  strata  is  nearly  south-west, 
at  an  angle  varying  from  35°  to  70° ;  and  a  very  regular  ascending 
series  can  be  traced  from  the  northern  to  the  southern  extremity  of 
the  island. 

Beginning  at  the  northern  end,  the  strata  are  composed  of  yellow, 
brown,  purple,  and  grey  (the  latter  predominating)  hard  shales, 
with  gprey  and  brown  bands  of  impure  limestone,  and  dipping  regu- 
larly S.  40^  W.  to  8.  55°  W.,  at  an  angle  of  from  35°  to  40°. 
These  beds  are  rich  in  fossils  of  various  kinds.  Here  are  Corals  of  the 
genera  Helioliies — If,poro9a  {Porites  pyriformis)  &c. ;  of  Favosites, 
F.  polymorpha^  F.  Ooihlandica,  F.  Goldfussi,  &c. ;  of  Cup-corals, 
CyathophyUum  ccupitoium^  C,  vesiculosum,  &c.,  and  many  other 
beautiful  varieties  similar  to  Zaphrentis,  Strephodes,  Omphyma^ 
Strombodes,  &c.  To  these  may  be  added  many  forms  of  the  genera 
FenesteUa,  Syrinffopara,  and  Aulopora  serpens^  the  two  latter  very 
characteristic.  Highly  characteristic,  also,  of  these  beds  are  the 
Brachiopod  shells  Atrypa  reticularis  and  A.  squamosa,  or  A,  aspera, 
and  the  univalve  EuamphaluSy  both  large  and  small  species,  besides 
several  other  Brachiopods  in  abundance,  such  as  Lepiamay  StropJio- 
mena,  Atrypa,  Spirifera,  Orthis  &c. ;  also  the  Pteropod  shell  Ten- 
taeulites  annuJatus,  and  stems  of  large  Encrinitcs.  Trilobites  are 
rare,  one  of  the  genus  Phacops,  and  an  undescribed  form,  having 
alone  been  met  with  in  those  beds ;  neither  have  I  been  more  suc- 
cessful in  detecting  them  in  any  other  strata  of  the  island.  One  thin 
band  of  impure  grey  limestone  near  the  north  end  is  composed  almost 
entirely  of  large  Spirifers,  of  species  undescribed,  one  very  similar 
to  8.  concentrioa  of  the  Eifel  beds  in  Germany ;  while  anoUier  band 
of  purple  shale,  a  little  further  to  the  south,  is  laden  with  minute 
Biachiopoda  {Orthidas  &c.),  with  large  Euomphali,  Corals,  and 
stems  of  small  Encrinites. 

The  next  series  of  beds  is  composed  of  hard  grey  and  purplo 
shales,  much  contorted,  and  dipping  8.  5°  E.,  from  65°  to  70°,  in 
which  I  could  not  discover  any  fossib.  These  beds  are  apparently 
the  same  as  those  seen  on  the  north-east  side  of  Prinkipo,  and  in 
which  stems  of  Encrinites  only  could  be  traced. 

Proceeding  south  along  the  eastern  side  of  the  island,  we  now 
arrive  at  thick  beds  of  hard  dark-grey  subcrystalline  limestone,  dip-' 
ping  8.  27°  W.,  from  30^  to  35°,  stretching  along  the  coast  for  a  dis-' 
tance  of  about  150  yards,  and  replete  with  Corals  of  the  genera  Favo^ 
§ite$  {F,  Oothlandica),  ffeliolitfs  {H.  porosa),  and  another  genus  un- 
described. 8ome  of  the  beds  are  composed  of  a  mass  of  Coral,  while  other 
fossils  are  almost  entirely  wanting  throughout  their  whole  extent. 

Beyond  them  come  in  yellow  and  purple  shales,  and  thick  beds 
of  dark-grey  limestone,  contorted,  dipping  at  their  southern  end 
8.  30^  W.,  at  75°,  and  containing  many  Corals  and  Brachiopoda. 
In  an  old  limestone-quarry  near  their  termination,  a  trap  dyke  has 
been  exposed  to  view,  of  a  light-green  colour,  and  about  10  feet 
wide,  which  orossed  the  island  in  a  W.N.W.  direction. 
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Lastly  foUov  hard  dark-grey  calcareous  slialefl,  and  beds  of  lime- 
stone (samo  oaluur),  much  contorted,  and  dipping  about  S.  G0°  W., 
from  55°  to  60°,  the  whole  almost  destitute  of  life,  excepting  a  few 
imperfect  Orlhacerata,  and  Corals  of  the  genus  CyatkopkyUam. 
These  beds  form  the  entire  southern  portion  of  the  island.  It  is  not 
necessary  to  continue  this  description  around  the  western  side  of  tbe 
island,  as  the  strata  are  similar  to  those  of  the  csstorn  side. 

In  comparing  now  the  strata  of  this  island  with  those  of  Prinkipo, 
it  will  be  seen  that  if  wo  can  prove  tho  grey  and  puiplo  shnlcs  of 
the  north-east  coast  of  Prinldpo  to  be  the  same  as  those  on  Andiro- 
vitho,  of  which  there  can  be  little  doubt,  wo  shall  have  found  an 
additioual  link  to  the  scries  of  Primary  strata  of  Prinkipo,  which  at 
present  is  replaced  by  trachytic  rocks,— and  with  the  additional 
interest  that  they  exhibit  a  mass  of  evidence  on  the  age  of  those 
rocks  not  to  be  found  elsewhere  in  the  adjoining  islands,  nor  yet  on 
tho  mainland,  uiid  without  which  tho  fossil  evidence  of  the  south- 
west side  of  Prinkipo  would  be  but  fragmentary.  As  tho  case  stands, 
however,  the  mass  of  Coral  eridoncc  in  these  Andirovitho  beds, 
accompanied  by  that  of  other  characteristic  fossils,  such  as  Atrypa 
relieiJaris  and  A.  squamosa  and  many  Eaomphah  Lc,  murks  an 
epoch  distinct  from  that  of  the  Lower  Devonian  shales  of  the  Bos- 
phoniB,  with  their  broad-winged  Kpirifers  and  the  wonderful  Conil 
J1eurodicli/um  problematieam,  and  might  with  propriety  be  con- 
sidered B,  "  middle  series,"  there  being  sufficient  evidence  to  warrant 
this,  although  several  tyiiicsl  genera  of  similar  rocks  in  England  and 
Germany  have  not  yet  beeu  found,  snch  as  Slrhtgoeephahu  and 
Mfgaiodon,  Be  that  as  it  may,  wo  have  a  decided  leaning  to  the 
Upper  Devonian  in  the  fosailifcrons  shales  and  impure  limestones  of 
the  next  scries  in  ascending  order,  on  the  south-west  side  of  Prin- 
kipo, wliere  Ooniatites  arc  in  sufficient  numbers  to  become  charac- 
teristic; while  Spirifers  and  other  Brachiopoda  are  scarcely  repre- 
sented, and  only  by  small  forma.  The  Orthoctrala  are  also  mom 
plentiful,  and  of  larger  forms  than  any  hitherto  found.  Trilobit«s,  too, 
arc  for  from  rare  in  these  beds,  but  restricted,  as  in  England,  to  tfae 
genua  Phacopn,  of  which  throe  species  at  least  have  been  described. 

In  conclusion,  I  would  refer  here  to  the  finding  of  a  small  bone  in 
tho  beds  (No.  "i)  on  the  south-west  mde  of  Prinkipo;  and  from  its 
appearance  and  section  &f  fracture  I  shonld  say  that  it  is  a  bone  of  a 
fish ;  and  if  so,  it  is  the  first  evidence  of  fish  discovered,  tn  my  know- 
ledge, in  the  Devonian  strata  of  Turkey. 

4.  Iiiand  of  C/taJlri. — This  picturesque  island  lies  to  &o  nortli- 
west  of  Prinkipe,  and  derives  its  name  from  the  Greek  work 
"  chalko,"  copper — tradition  afilnning  that  the  metal  aboondB  ia 
the  island,  and  was  largely  worked  in  ancient  times.  This  idea 
appean  to  be  based  on  the  fact  that  large  quantities  of  the  anppoud 
■ooria,  from  the  smelting  of  the  ore,  are  stiU  lying  strewed  along  the 
beach  of  the  southern  and  eastern  sides  of  the  island ;  whereaa  the  real 
facts  of  the  case  socm  to  be,  that  the  supposed  scoria  is  sim^dj  the 
ironstone  washed  from  the  opposite  trachytic  cliffs  of  Prinkipa,  yot 
exceedingly  umilar  in  appearance  to  the  cinder  derived  flom  vopgtt' 
smelting. 
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The  rocks  of  the  island  may  be  divided  into — (1)  Primary  sedi- 
mentary strata,  and  (2)  Trachytic  rocks. 

(1.)  The  sedimentary  rocks  are  chiefly  confined  to  a  thin  band  of 
shales  and  sandstone  around  the  northern  coast  of  the  island,  much 
metamorphosed  by  the  action  of  the  adjoining  igneous  rocks,  and 
interstratified  in  places  with  them.  Fossil  remains  are  extremely 
rare  in  these  beds ;  an  impression  of  what  would  seem  to  be  a  Go- 
niatitc,  in  brown  shale,  and  a  doubtful  one  of  the  stem  of  a  plant, 
are  all  that  can  be  recorded:  they  are,  however,  sufficient  to  place 
these  rocks  with  the  Devonian  strata  of  Prinkipo,  and  are  probably 
of  the  same  age  in  the  series. 

(2.)  These  strata  are  similar  to  the  soft  white  fcldspathic  rocks  in 
the  opposite  coast  of  Prinkipo,  and  need,  therefore,  little  further  de- 
scription here.  The  stone  in  general  is  less  siliceous  in  its  nature, 
and  approaches  nearer  to  a  pure  kaolin  than  that  of  Prinkipo; 
the  joints  are  also  less  impregnated  with  iron ;  and  I  have  not  been 
able  to  detect  any  great  masses  of  iron-ore  throiighout  the  whole  of 
the  island. 

In  concluding  the  description  of  Chalki,  I  must  not  omit  to  remark 
that  at  the  extreme  end  of  the  beautiM  little  bay  of  Tchemliman 
the  trachytes  are  seen  to  be  impregnated  with  green  carbonate  of 
copper  in  minute  veins,  similar  to  those  near  Morton's  Mill  on 
Prinkipo. 

6.  Island  of  Petala  or  Peta, — There  is  nothing  of  importance, 
geologically  speaking,  to  notice  respecting  this  island;  the  strata 
are  white  trachytes,  similar  to  those  of  Chalki. 

6.  Island  of  Antiganu — Antigoni  may  be  said  to  be  almost  en- 
tirely of  volcanic  origin,  and  is  composed  principally  of  soft  white 
feld^athic  trachytes,  coloured  red  in  parts  by  the  presence  of  iron. 
There  occur,  however,  on  the  north-eastern  coast  of  the  island, 
variegated  white  and  purple  sandstones,  and  grey  quartzose  rocks, 
which  have  every  appearance  of  being  stratified,  and  may  probably 
at  some  future  time  be  classified  with  the  sedimentary  Devonian 
rocks  of  the  Island  of  Proti,  which  I  shall  now  proceed  to  describe. 

7.  Island  of  Proti. — ^The  physical  features  of  Proti  are  sterile  and 
miinviting ;  and  in  consequence  this  island  is  the  least  frequented  by 
the  pleasure-seekers  of  the  capital. 

l^e  geological  features,  on  the  contrary,  are  exceedingly  interest- 
ing, exhibiting  a  series  of  strata  entirely  different  from  those  of  any 
other  of  these  islands  (if  we  except  a  small  portion  of  Antigoni,  just 
described),  and  forming  another  link  by  which  to  join  together  the 
several  detached  portions  of  Devonian  strata,  of  which  the  Princes 
Islands  are  the  remains.  Here  are  to  be  seen,  for  the  first  time  in 
all  my  examinations  (as  well  here  as  on  the  mainland),  to  any  ex- 
tent, red  sandstones,  as  if  to  prove  the  relationship  by  colour,  tI  not 
by  animal  life,  of  the  Turkish  Devonian  rocks  to  those  of  Hugh 
IGUer's  Old  Red  Sandstone  series  of  Scotland. 

The  strata  of  Proti  are  entirely  of  sedimentary  origin,  arranged  in 
a  basin-  or  tioughlike  shape,  and  composed  of  sandstones,  highly 
micaoeoiu  in  part,  of  colours  red,  purple,  white,  and  grey,  associated 
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with  thick  beds  of  wlute  tabular  qnarti  and  rjoartzoee  sandstones, 
coloured  red  in  part,  which  are  evidentiy  altered  sandstones ;  and 
their  relation  to  tho  adjoining  rocks  is  well  exemplified  in  the  cliffs 
which  form  the  south-western  point  of  tho  island,  where  the  quartz 
rocks  are  scoo  distinctly  iuterstratificd  between  beds  of  %ht-^y 
and  purple  sandstone. 

Beginning  at  tho  extreme  south-eaetern  coast  of  the  island,  and 
gfnng  west  a  distance  of  about  150  yards,  the  strata  are  seen  in  the 
cliffs  dipping  N.  70°  W.,  at  an  angle  of  30°,  in  the  following  ascend- 
ing order : — 

1.  White  miooeoiu  gnuiolar  unibtone. 

2.  Wliite  And  light-green  softisb  miotoeoui  iHidabHie,  with  bands  of  purplo 

highlj  mieaiviiaB  unditone. 

3.  Pnrplc  highly  niicacwnu  unilntonm,  modentely  hud,  uid  dipping  Kgu- 

l&rly.    ImpreMiDDS  ofPucoidi. 

Going  westward,  these  sandstones  disappear  under  covered,  ground, 
and  arc  no  more  scon  until  arriving  at  the  north-western  side  of  the 
island,  when  sandstones  come  in  again  under  the  quartz  rocks  which 
form  the  intermediate  struta  of  the  island,  and,  gradually  rising 
from  under  them,  form  the  whole  coast-line  of  the  northern  side 
of  tho  island,  in  tho  following  descending  order,  going  easL  Im- 
mediately under  the  quartz  rocks  are : — 

1.  Purple  nnd  white  xsndstones. 

2.  Red  highly  micooeoiui  soft  nai 

■nndatone,  dipping  3.  Si"  W., 
height  nround  the  north-wrstem  inae. 

3.  White  snd  purple  Kill  nnditoiua,  dipping  wme  u  No.  2  beds,  and  ronn- 

ing  olifls  about  ItX)  feet  in  height. 

4.  White  sundstonpHi  forniiDg  tlie  extreme  north-eaitem  point  of  the  island 

and  a  short  diBtanoe  mund  the  Mstem  side. 

In  the  remuns  of  animal  life  the  strata  of  this  island  are  siogn- 
larly  bare,  none  hanng  yet  boon  discovered ;  and  the  same  may  be 
said  of  the  vegetable  forms  of  life,  with  the  exception  of  two  speci- 
mens of  Fncoids,  found  in  tho  purple  sandstones  of  the  southern 
side.  I  had  hoped  that  the  sandstones  would  afford  tho  remains  of 
fishes,  but  as  yot  I  have  not  boon  succesBfol  in  finding  orcn  tha 
8li;;htcst  trace  of  thom. 

8.  Itland  of  NiandroK. — The  atratn  are  composed  entirely  of  white 

Juarti,  the  beds  of  which  are  distinctly  aeon  to  be  stratified,  and 
Ipping  from  S.  To"  W.  to  8.  65°  W.,  at  an  angle  of  from  40"  to 
60°;  and  they  are  evidently  a  continuation,  upwards,  of  the  Devo- 
nian Tocks  of  the  Island  of  Prinkipo. 

9.  ItUmd  of  Plati. — Geologically  spcftldng,  this  island  is  &  nuM 
of  white  quartzose  rocks,  evidently  altered  aondstonca,  reaching  to  s 
height  of  60  or  80  feet  above  the  sca-lovel  The  dip  of  the  beds  is 
very  distinctly  seen  in  an  artifioiul  cave,  near  tiie  landing-placA  and 
on  the  north-west  side  of  tho  Island,  vsrying  from  S.  10°  W.  to 
8.  30°  W.,  at  an  angle  of  20°.  The  straU  may  safely  be  reckoned 
OS  Devonian,  and  form,  in  all  probability,  the  extreme  verge  of  the 
series  in  a  aonth-westerly  direction. 
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The  remaining  island  (Oxia)  I  did  not  visit. 

1 0.  General  ohservati4)ns, — ^Throughout  the  whole  examination  of 
the  Princes  Islands  I  have  been  greatly  struck  with  the  regularity 
of  the  line  of  dip  whenever  local  causes  do  not  occur  to  affect  it ; 
it  may  be  taken  to  vary  from  S.  45°  W.  to  S.  75°  W. ;  and  this 
regularity  is  very  marked  in  the  quartz  beds  throughout,  which 
have  greatly  served  as  a  guide  in  arriving  at  this  conclusion.  I  have 
also  examined  the  coast  of  the  mainland  to  the  north-east  of  Prin- 
kipo,  and  find  the  dip  there,  at  the  village  of  Eliartal  and  eastward, 
from  S.  65°  W.  at  35°,  to  S.  35°  W.  at  75°  to  80°,  for  a  distance 
of  about  a  quarter  of  a  mile ;  and  then  it  suddenly  reverses  and 
dips  north-east,  and  continues  so  as  far  as  I  went,  or  about  two  miles 
and  a  half  along  the  beach  towards  the  village  of  Pendik.  The 
description  of  these  beds  will  bo  reserved  for  a  future  memoir. 

If  we  assume  that  the  line  of  dip  is  about  S.  45°  W.,  then  we  must 
conclude  that  the  ''Bed  Sandstones"  of  Proti  come  in  between  the 
Island  of  Prinkipo  and  the  mainland.  But  on  the  other  hand,  if  wo 
assume  the  full  dip  to  be  about  S.  75°  W.,  then  the  "  Red  Sand- 
stones "  would  come  in  between  Plati  and  Prinkipo,  on  the  line  of 
Antigoni,  and  would  correspond  with  the  white  and  purple  sand- 
stones of  the  latter  island ;  and  I  am  inclined  to  take  this  latter  as 
the  correct  view  of  the  case. 

And  if  we  measure  a  line  from  Plati  or  Oxia  to  the  mainland,  in 
the  fnll  rise  of  tbe  strata  we  have  a  distance  of  about  ^ye  to  six 
miles,  represented  in  all  probability  by  a  perpendicular  thickness  of 
about  18,000  to  20,000  feet  of  strata,  which  have  been  almost  entirely 
swept  away  from  the  Devonian  mainland  in  ages  past,  and  are  at 
present  represented  by  the  Princes  Islands. 

And  here,  in  conclusion,  it  will  not  be  out  of  place  to  remark  that 
in  the  course  of  my  many  observations  on  the  geology  of  the  Bithy- 
nian  peninsula,  from  many  points,  I  have  found  the  strata  to  be  dis- 
posed in  a  basin-like  form,  the  line  of  the  Bosphorus  forming  the 
western  lip  of  the  basin,  and  the  fiiU  rise  of  the  strata  gradually 
sweeping  round  to  the  north  on  the  northern  or  Black-Sea  side,  and 
to  the  south  on  the  southern  or  Sea-of-Marmora  side,  the  centre  of 
the  basin  appearing  to  be  the  high  chain  of  mountains  of  Kaish  Dugh, 
the  Two  Brothers,  &c. ;  but  this  I  do  not  yet  know  for  certain ;  nor 
have  I  yet  visited  the  eastern  side  of  the  Devonian  strata,  and 
therefore  I  cannot  say  if  the  basin-shape  is  preserved  throughout. 
The  disposition  of  the  strata  of  the  Princes  Islands  clearly  corresponds 
with  these  observations. 
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Notices  of  Meetings  of  Scientific  Societies^  &c. 

A.  R  Noidenakiold. — Grookesite,  a  new  mmeral  contaimng  Thallium, 

39. 
J.  Sutheikod. — On  the  Earth's  density,  76. 

f2 


as  DOKATIOKa. 

Chemical  Rwifty.     Journal.     Second  Seriea.     Vol.  v.     Aa^nt  and 

ScptomlHT  181)7. 

CoUiciy  Gunrdiaii.     Vol.  xiv.     Nos.  340-352.     July  to  Septombt-r 

18C7. 
Noticps  of  Moofinps  of  Scienfific  Societips,  &c. 
Ite  Soulli  Stiilfordaliire  Goal-fipld,  52. 
L,  F«uclitwiuijj:er. — Origin  of  Petroleum,  5.3. 


MiDinK  ia  Jnpnu,  80. 
S.  H.  Dsd'—      '-■' 


Dsddow.— Anthracite  Coal-fielda  of  PeimsylTania,  104,  124, 
Cool-bt'dB  of  Russia,  100. 

Copenhagen.    Orersigt  over  dct  Kongclige  danBke  Videnskaberncs 

Selskabs  Porhandlingcr  og  tlefs  Mcdlcaimcrs  Arbcidcr  i  Aoret 

1365. 

.     1866. 

.     1867.     Nob:  1-3. 

Darmstadt.    Notizblatt  dcs  Vereins  fiir  Erdkondo.    FolgoS.    Heltr. 
Nr.  49-60.     1866. 

Ludwi^. — Uufisclireste  im  Meercetlion  bei  Niontein,  11. 

.     Pinna  nitjota,  Ltid.,  und  Acendhaium  tncitivuin,  Kaiip,  in  den 

tertiiiren  Kalldagcm  von  Wt'isenau,  11. 

.    ForBmiiiif«ren  in  den  mnrinen  TertiiirtLoncn  yon  Oflonborh, 

Kreuzniuih,  EekimlToth,  und  Alafeld,  78, 
Orouss. — Aua  den  Scctionen  Biogou  und  Mainz,  125. 


Jules  Martin. — Zone  &  Aacala  eontorta  ou  £tage  Rheetien,  1. 

.     .     .     Vol.  xiii.     1865. 

Jules  Martin. — Terrain  Tertiaire  de  l»j^uo  de  Dijon,  1  (platet. 
Alaxia  Perrov. — Lea  Trembleuients  de  Tcrre  ot  loa  PUnom^nea  Vol- 
cauiques,  l21. 

Essex  Institute.    Procccdinga.    Vol.  iv.     1864-66. 
D.  M.  Bnlcb.— SodaUte  at  Salem,  Maaa.,  1. 
G.  11.  Emerson. — Magnetite,  and  an  unknown  minoal  at  N«han^  0. 

.    .    Vol,T.    Nos.  1&2.    1806-67. 

.    Tho  Xaturaliflts'  Diroctoiy.    Parts  1  ft  2.    1866-67. 

ChinOTO.    &oi»(!t4  do  Phyedqiie  et  d'Hietoiro  NatareUc.    Tol.  xix. 
Part  1.    1867. 
De  Loriol  et  E.  Pellst — MonagTaphie  palfontologiqne  et  gfalwiqps 
de  I'dtBge  poitlandien  d«  enTirona  de  B<nilogn»-auivMer,  1  (11 
^tM). 


DOKATIONS.  69 

Geological  Magazine.    Vol.  iv.    Nos.  7-9.     July  to  Septomber  1867, 

T.  G.  Bonney. — ^Traces  of  Glacial  Action  near  Llandudno,  289  (plate). 

R.  Damon. — Shells  from  Pompeii,  29.3. 

T.  Belt.—Xew  Trilobites  from  North  Wales,  294  (plate). 

D.  Mackintosh. — Cieological  Notes  on  S.E.  l)evon,  259  (plate). 

G.  Maw. — Distribution  of  White  Clays  and  Sands.    Pai't  2,  299. 

II.  Hicks. — Ilyaena-den  in  Carmarthenshire,  ;307. 

J.  F.  Walker. — New  Coprolite-working  in  the  Fens,  309. 

T.  Davidson. — Perforate  and  Imperforate  Brachiopoda,  811  (plate). 

Lartet  and  Christy's  *  Keliquise  Aquitanica?/  noticed^  321. 

Pumpelly's  *  China  and  Japan,'  noticed,  322. 

Delesse  and  De  Lapparent  s  *  Ilevue  de  GcJologie,'  noticed,  322. 

Huskin. — Banded  and  Brecciated  Conglomerates,  337  (plate). 

Kirby  and  Young. — Fossil  Chiton,  340  (plate). 

T.  G.  Bonney. — ^Kitchen-Middens  near  Llandudno,  343. 

A.  B.  Wvnne. — Glencar  VaUey,  co.  Sligo,  346. 

T.  Mac  flughes. — Geological  Notes  on  the  Lake-district,  346. 

Report  of  l)r.  T.  Sterry  Hunt's  Lecture,  'The  Chemistry  of  the 

Primeval  Earth,'  357. 
J.  W.  Dawson. — Palaeozoic  Insects  from  Canada,  385  (plate). 
J.  W.  Kirkby. — Insect-remains  from  Coal-measures  of  Durham,  388 

(plate). 
D.  Mackintosh. — Rnilway  Geology,  390  (plate). 
Mias  E.  Hodgson. — Moulded  Limestones  of  Fumesa,  401. 
Fritach,  Reiss,  and  Stubel  *  On  Santorin,'  noticed,  408. 
Monographs  of  Paheontographical  Society,  noticed,  409. 
Thomas's  '  Encroachment  of  the  Sea  on'  the  Welsh  Coast/  noticed, 

410. 
Notices  of  Memoirs,  316,  406. 

Reports  of  Proceedings  of  Societies^  &c,  323,  367,  410. 
Correspondence^  333,  374,  424. 

Geological  and  Natural  History  Repertory.    Nos.  26-28.    July  to 
September  1867. 

G.  J.  Smith. — Occurrence  of  fluyiatile  MoUusca  in  gravel  at  Hackney 

Downs,  373. 
Proceedings  of  Societies,  373,  383. 
Bibliogramiical  Notices,  380. 
Notes  ana  Queries,  382. 
R.  Tate. — On  the  oldest  known  species  of  Exogyrd^  378. 

Institute  of  Actuaries.    Journal.    Vol.  xiii.     No.  68.    July  1867. 

Intellectual  Observer.     Nos.  66-68.     July  to  September  1867. 

R  H.  Woodward. — Geology  of  Glen  Clova,  22. 
D.  Mackinto8h.---Origin  of  the  Cheddar  Clifls,  30. 
Volcanic  action  in  the  Azores,  79. 

Ireland,  Boyal  Geological  Society  of.   Journal.  Vol.  i.  Part  3.   1867. 

G.  IL  Kinahan. — ^Notes  on  the  Drift  in  Ireland,  191. 
Rev.  ^L  Close. — Notes  on  the  General  Glaciation  of  Ireland,  207. 
H.  E.  Bolton. — Slickensides  in  Trap-dykes  of  Arran  Island,  243. 
G.  V.  Du  Noyer. — Discovery  of  Head,  Antlers,  and  some  of  the  Bones 

of  Megaceroa  Htbemicns  near  Ililskeer,  Coun^'  Meath,  247. 
J.  Beete  Jukes  and  F.  J.  Foot — Occurrence  of  Felstoue  Traps  and 

Aahes  on  the  Curlew  Hills,  North  of  Bayle,  240, 
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Ireland,  Boyal  Gcidogieal  Society  of.     Journal.     Vol.  i.  (contiuitftl). 

J.  Scolt  Moore.— Discnicry  of  ri  Stone  Hntcliet  at  Kildare,  Coiimv 
of  Wicklow,  aw. 

Bev.  S.  llnugbton. — dientical  Compontion  of  some  Zcolitea  pre- 
sented by  Colonel  MootjtomeTy  to  tfao  Geolo^cal  UuH^uni  of 
TrinitT  Collcgre,  Dublin,  252. 

.     Anidj-acs  ofLaToa  from  New  Zenlnnd,  •254. 

A.  B.  Wynne. — Notes  ou  Physical  Featuics  of  the  Land,  formed  by 
Denudation,  260. 

It.  H.  Scott.— Granite  of  Strontian,  .ireylbhiro,  263. 

LaoBonnc.    Bulletin  do  la  Soddti^  Vaadoisc  dca  Scicncca  Naturellca. 
VoLix.    No.  57. 
Forel. — L'hommo  contemponun  du  rennc  en  Nuremborg,  HHi, 
Pavot. — Osciliatiooa  dca  )ilaciura  do  Cliamounix,  311'. 
Peiiovier. — linpport  but  lea  collecliona  du  Mu«i<e,  .SSS. 

Ij<5ge.     Homoiros  do  la  8oci^t^  Boyalo  des  Sciences.      2^  Sciie, 

Vol.  i.     18«6. 
Linnean  Society.    Joumal.    Vol.  ix.    JSo.  36.     1807.    Zoolo^-. 

.     .     Vol.  ix.     Noa.  40A-41.     1S67.     Botany. 

.    Transactions.    Vol.  xxv.  Part  3.     18CC. 

.     General  Index  to  the  Transactions,  Tob.  i.  to  xxr.     1867. 

.    Liflt  of  Fellows  &o.     1868. 

lAVcrpool.     Transactions  of  the  Historic  Society  of  Loucashiro  and 
Chcshiro.     New  Scries.     Vol  vi.     1866. 
Rev.  A.  Ilunit'. — Ohaogcs  in  tlio  Sea-const  of  linucashirc  and  Che- 

cliire,  1  (plates), 
JoRi'ph  noiilt. — Alleged  Submarino  Fiirerta  on  tlic  Shores  tif  LiTuponl 

lay  and  the  Hiver  H^Tsey,  80. 
n.  EcToyd  Smith. — Notice  of  n  Becent  Disruption  of  Soil  at  Bimrose 
BroolJ,  Bootle,  207. 

London,  Edinburgh,  and  Dublin  Philosophical  Maj^zinc.     Fourth 
Scries.     Vol.  xxxiv.     Nos.  227-229.     July  to  ffcptembfr  1807. 
From  Dr.  W.Fi-ancis,  F.G.S.  ^'c, 
EmI  of  ScUtirk. — .Vncient  Sen-mnrks  on  tlie  coast  of  Sweden,  C7. 


W.  Wheolwri^t. — Discovery  of  coal  In  th«  Andes,  (18, 
P-IlDrodie.— PreBeiicoort'urbock-bedflAtllrill,UuckinghBnulure,G8. 
11,  W.  Bviirtow. — Lower  Lias  of  Glamorfrnnshito,  08, 
C.  Mooro. — .Vbnomiol  Conditions  of  Soconda^  depoaita  when  wn- 

n«cted  with  the  Sompreetshire  and  South  W'nles  r'oal-'basinj^  OD. 
W.  Boyd  Dowkins. — Dentition  of  Skinoctroi  hptorkiMM,  7(X 
J.  W.  Judd. — Strata  forming  the  base  of  the  Lincolnshiie  Wcdds,  7L 
P.  B,  Jlrodie.— Drift  in  part  of  TVarwicluliire,  70. 

London  Review.    Vol.xv.    Nob.  366-378.    July  to  Si^tcmbor  18G7. 
M.  Daubnie.— Clanificiition  of  Motcoritoa,  101. 
Photognphs  from  Siem  Nevada,  CalifoTni«,  noticed,  108. 
■  Presence  of  Colunbite  in  Wolnai,'  noticed,  356. 


DOITATIONS,  71 

Longman's  Notes  on  Books.    Vol.  iii.    No.  50.    August  1867, 

Lyons.    Memoires  de  rAcadcmio  Impcriale  des  Sciences  &c.     New 
Series.     Vol.  xii.     1864-05.     Classo  des  lettres. 

— .    .     .     Vol,  xiv.     1864.     Classe  des  sciences. 


Ebraj. — Stratigraphie  des  terrains  J  urassiques  du  d^partement  d'Ar- 
deche,  et  des  minerais  de  fer  de  La  Voulte  et  do  Privas,  1. 

Foumet. — Apcr^us  sur  la  diffusion  du  sel  ct  sur  son  r61e  dans  certains 
phenomenes  g^Iogiques,  115. 

Eraay. — L'fige  du  grauit  sy^nitique,  325. 


Vol.  XV.     1865-66. 


Ebray. — Classification  des  eaux  mindrales  de  la  Savoie^  838. 

Manchester  Geological  Society.     Transactions.     VoL  vi.  Part  8. 

Q.  C.  Greenwell. — Prestwichia  found  in  the  Coal-measures  of  East 

Somersetshire,  123. 
Plant. — Glacial  markings  in  Salford,  128. 

Medical  Press  and  Circular.  Vol.  iv.  Nos.  1-9.  July  to  September 
1867. 

Milan.    Annuario  del  Eeale  Istituto  Lombardo  di  Scienzo  0  Lettero. 

1886. 

• — .  Solenni  adunanze  del  R.  Istituto  Lombardo  di  Scienze  e 
Lettero.     7  Agosto,  1866. 

Moscow.  Bulletin  de  la  Socidte  Imperiale  des  Naturalistes.  Nos. 
3  &  4.     1866. 

R.  Hermann. — Ueber  die  Verbindungen  der  Sauren  des  Hmeniums 

mit  Natron  und  Kali,  307. 
E.  V.  Eichwnld. — Biitrng  zur  Gcscliichte  dor  Geognosie  und  PalsB- 

ODtolo^de  in  Kuis^lund,  4(33. 
A  von  Volborth. — ^Die  angeblichon  Ilomocrineu  der  Lethaea  rosstcOj 

54L 
R.  Hermann. — Ueber  die  Zusammensetzung  des  Ilmenorutils,  551. 

Munich.  Abhandlungen  der  koniglich-bayerischcn  Akademie  der 
Wissenschaften.  Mathematisch-physikalische  Classe.  Band  x. 
Abth.  1.     1866. 

— .    Sitzungsberichte  der  konigl.-bayer.  Akademio  der  Wissen- 
schaften.    1867,  i.  Heft  4. 
Frischmann. — Ueber  die  Zwillinge  des  ChrysoberyUs,  429  (plate). 

.    .     1867,  ii.  Heft  1. 

Bachner. — ^Noue  cbemische  Untersuchung  des  Mineralwassers  zu 

Neumarkt  in  der  Obeip&Iz,  125. 
QiimbeL — Weitere  Mittheilungen  iiber  das  Vorkommen  yon  Phos- 

phorsauze  in  den  Schichtgesteinen  Bayems,  147. 

W  Haven.  Transactions  of  the  Connectiout  Academy  of  Arts  and 
Sciences.    Vol.  i.  Part  1.     1866. 

W  York.  Annals  of  tho  Lyceum  of  Natural  History.  Vol.  viii. 
Kos.  11-14.    1866. 
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PalteontograpHcal  flociety.    Monc^rnpbs.  Vol.xx.    IsBuedforlSISC. 
(I'lntos.) 
P.  Martin  Duncan. — Urilisli  i'cxml  Corals.     Second  Scries.     Pnrt  \i. 
No.  1.  CoruU  friini  tliu  Zoaea  oi  AiiimoniUt  plaiiorliin  aiid  .iiiimu- 
iiilei  aiigalaliii  in  tlie  Liaiwio  Fonnatiim  (platt'sl. 
J.  W.  Baiter.— Britipli'.TrilobilfS.    Port  iv.  iiilat<»). 
T.  Itavidson.— liriti/'hFtMailBnlcliiopoOa.    Partm    No.  11  (plate?). 
John  Phillips. — British  llelcniiiitiilic  (plates). 
Paris.     Annales  des  llinea.     Sixtt  &vnca.     VuL  x.     ISfiC. 


lUunion  ejrtraordimure  k  Cherboui^',  JKJO. 

.     C'omptea  Itondus  dos  Seances  do  PAcademie  doa  Stieiicos. 

Tabic  des  IfatiOrcs  du  tome  btiii.     Juillct  it  Bctcmlire  ISOU. 
Faudel. — Sur  la  (lecoiirerte  d'as.>emenls  hiimains  foBsiica  dons  le  luhoi 

alpin  de  la  vallOn  <tii  Itliiu,  <i8l>. 
ChevreuL — Unc  inetlindc  poui  diJteniiiiier  1»  proportion  dc  tnatieru 

animale  rpstant  dans  les  os  fossiles,  IWI. 
De  Tjuna. — V.u  (nsuinent  de  phujiphate  dc  chaux  d^ouTcrt  dans 

I'Estnunadui'e,  A?0. 
Sidot — Lcs  proprii^t^s  de  la  lilendc  licTaironale,  liiR. 
Elie  de  Bcnumont, — Lcb  pLtJnomoiies  ^ruptil'a  do  I'ltalit:  uit^iidiouale, 

77, 14a 
Saintu-Oloin;  Ikvilli'. — La  Bueemion  des  phi^noniencs  emplifp  dnns  le 

crat&resupi!iiourdoVesuve,  apresrfimptionduduccmbre  ItWl,  3J7 
Maii)ret. — Slomc  sujet,  0". 
Do  Gigalla.— Les  phtooniines  druptifa  de  la  bflie  de  Santorin,  47, 41?, 

fill,  831. 
Delendft.— Slcme  gujet,  4-31,  732,  833,  064. 
De  Cit^allii. — Lea  r^aultats  du  quelques  aDaljMB  faitca  aui  des  matiercs. 

volrauiqucs,  83d. 
B.  dc  Lnnn.— Dl'S  cristAux  d'apatite  do  Jumilla,  220. 
Slcnc — Analyse  du  minerai  de  cuivro  de  Corac,  63. 
Uarrigou. — EtudcK  (rt'ologii^uea  sur  les  eaux  suliureuses  d'Ax,  608. 
FlacLer. — Le  Ziphha  1rtjuvi5  &  Arcachon,  271. 
D'Archiac. — XJn  Reptile  fouile  trour^  dans  les  schists  bitumineux 

de  Misuse,  340. 
DuTchiliftlchtff.— Asie  Mineura,  821. 
£lii!  de  Beaumont. — Explication  du  Tableau  dea  donniks  num^riques 

qui  fixont,  aur  la  atir&co  do  la  France,  et  des  contr^ea  limitrojmea, 

les  points  ou  no  coupent  mutuellement  21)  cercles  du  r^seau  poala- 

gonal,  29,  70,  105. 
D'jVrcLiae.— tWologio  et  Pal^ontolorie,  746. 
De  Kouvillu. — La  cnuftitutioii  g^i^ogiqua  des  terrains  utuA  box 

enviroaa  de  Saint-CliiDiai,  017. 
Leymerie. — L'llge  du  syet6  ue  d'nrfcilea  rouges  et  de  csICAire  compute 

entre  Bize  et  Saint-Chiniim,  1000. 
Hubert — La  craie  dans  le  nord  du  bassiu  de  Puis,  908. 
Doaiej-ko.— Les  Bfliniures  prorenant  des  minea  do  Cachenti^  1064. 
CaiApencina. — La  decomposition  des  rochea  du  Br^l,  367. 
De  Cfaligni. — Consid^ratioiis  nouTellca  sui  les  mourements  des  ms' 

litres  Boutemines  en  fusion,  ftudi^  dans  leurs  ta.ppoi1a  krec  le 

mouvemeat  \tn6  de*  Uonidea,  en  tenant  conpte  ia  la  nourella 

thtoie  de  1»  chaleur,  612. 
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Paris.     Comptcs  Bcndus  dos  Seances  do  TAcadamie  des  Sciences. 
Table  des  Matiures  du  tome  Ixiii.  (continued), 

De  Caligni. — R<?ponse  a  I'line  des  objections  faites  centre  Tliypotli^se 

du  feu  centra],  551. 
Teiier. — ^Tremblements  de  terre  dans  les  d^portements  du  Cher  et  de 

la  Nievre,  C50. 
Vaillant. — Un  a^rolitbe  trouv6  au  Mexique,  745. 
Pisani. — Un  spinelle  noir  de  la  Ilaute-Loire,  49. 
Bocquerel. — La  phosphorescence  de  la  blende  hexagonale,  142. 
Uusson. — Complement  address^  a  sa  Note  du  mai  1806  sur  l^anciennetd 

de  I'homme,  101. 

Nouvelles  recherches  dans  les  caverncs  a  ossements  des  envi- 


rons de  Toul,  891. 
De  Cipralla. — La  d^couverte  de  s(^pultiires  anciennes  dans  Tune  des 

lies  de  la  bale  de  Santorin,  G42. 
.     Nouveaux  details  sur  les  monuments  anciens  decouverts  dans 

cette  ile,  aSl. 
Delenda. — La  d«Scouverte  de  constructions  anciennes  sous  les  couches 

superieures  des  produits  volcaniques  de  Santorin,  954. 
Simonin. — Des  instruments  de  I'age  de  pierre  trouv^s  dans  TAmeri- 

que  centrale,  894. 
Damour. — La  composition  des  baches  en  pierre  trouvi5cs  dans  les 

monuments  ccltiqucs  et  chez  les  tribus  sauva^es,  1038. 
Pisani. — Un  spinelle  noir  de  la  Haute-I^oire,  49. 
Che^Teul. — Remarques  concemant  certains   phosphates   de  chaux 

d'Espagne,  400. 

-.     .    Deuxieme  Semestrc  1867.     Tome  Ixv.     Nos.  1  &  2. 


— .     Nouvelles  Archives  du  Museum  d'Histoire  Naturolle.    Vol.  i, 
1865. 

— .    .    YoLii.     18G6. 

— .    .     Vol.  iii.  Parts  1  &  2.     1867. 


Philadelphia.     Proceedings  of  the  American  Philosophical  Society, 
Vol.  X.     No.  76.     1866. 

Hayden. — Short  Visit  to  the  Pipestone  Quarry,  274. 

.    Extensive  Chalk-deposit  on  the  Missouri  River,  277. 

.    Geology  of  the  Missouri  valley,  292. 

Photographic  Journal.    Vol.  xii.    Nos.  183-185.    July  to  September 
1867. 

Quarterly  Journal  of  Microscopical  Science.    New  Series.     No.  27. 
July  1867. 
W.  U.  Whitney.— Fossil  Cetacean  Teeth,  62. 

Quarterly  Journal  of  Science.    Vol.  iv.    No.  15.    Jidy  1867. 

Mr.  Jukes  and  the  Geological  Society,  329. 
Chronicles  of  Science. 

Quekett  Microscopical  Club.    Second  Report.     July  1867. 

Royal  Geographical  Society.     Proceedings.     Vol.  xi.     Nos.  3  &  4. 

•    JoumaL    Vol.  zxxvi. 
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Royal  Horticultural  Society.    TranBoctiona.     New  BorioB.    Vol  i, 

No.  8.     April  to  July  1867. 
Koyal  Society.     Proct-edings.     Vol.  xvi.     No.  04.     1807. 
St.  Pistcniburg.      Bulletin  do  rAcademio  ImiM^rinlo  dos   Sciences. 
Vol.  X.     1800. 
II.  Abicli. — Gi'ologio  du  CaucRsc,  ai. 

J.  F.  Urandt. — Lus  cantctcrfB  ilistinclifif  du  SEanimoutli,  iX!  (plate). 
Pii3)Te\v»ki. — EietioR  caiiadcHnc  daus  lea  colcuircs  du  llopunwaiu  en 

MidimdH,  l-Jl. 
K.  K  de  lifter. — La  dircouverto  il'iin.  msmraoulli  coiiiplet,  daus  lo 

tormin  p-ld  de  SiWriu,  230  (pktu), 
J,  F.  Iti'uiidt. — Qnt'lques  iiiut^  iidditicinncU  au  mi<uioire  but  niibtoirc 

nalurulli!  ilu  ninnimoiitli,  'Mil. 

Ktude:4  ziMi^Hpliiqiii'ii  et  vnl<kiutolop7iues,  002. 

K.  E.  du  IWr.^Siir  1  expedition  iriivtriiiu  par  rAcadi'inio  pour  la 

recliurcbc  d'un  mnnuuoulh,  513  (plate). 

.     .     Vol.  li.     No3.  1  &  2.     18IKM!7. 

G.  V,  Ilelmerften. — Im  terrain  homller  de  I'Oiiml,  2-1. 

N,  Koljcliarof. — Xotineri  minemlofjiqnea,  75, 

Sehiuidt.— Expedition  pour  la  deeoiivertt"  d'uu  niHmnioiith,  1*0. 

G.  T.  Ilelmetsen, — lies  ent-aii  de  foni;j:e,  fails  dans  la  pre?mu'ile  de 

Samara  pour  Id  recherclii!  do  In  houillc;  lea  (»ource8  de  uaplila  et 

lea  volcaiu  do  Iraue,  h  Kcrtf  b  et  a  Taninii,  1C8  (platej. 
A.  Goebel. — Les  nSrolitbea  du  Mua&i  SliueraloL'ique  de  I'Acudemie, 

222. 
.    Revue  doa  fl^mlitlioa  qui  se  trouvenl  dans  divfra  niuat^s  et 

collectioua  a  St.  Fi-lorabourg,  283. 

.     Ucmoires  de  I'Academio  Imperiale  des  Sciences.     7*  Serie. 

Vol.  X.     Nos.  3-15.     ISfifl. 

Smitheonian  Misccllaneoue  Collcctiona.    Vol.  ri.     1$67. 
Society  of  Arts.     Jouinal.    Vol.  xr.     Noa.  703-775.     July  to  Sep- 
tember 1867. 


M.  Bauer. — Bio  BrauneiaensteinftiingB  bei  Neuenbiiis,  108. 
V.  Fehlinjf.— iVnalyse  der  Thermen  von  Wildbad,  1&. 

.     Analyse  der  Quellen  in  Licbcnxcll,  147. 

.    Analyse  der  Teiiiacher  Minemlquellen,  ISO. 

.     .     Vol.  ixiii.  Heft  1.     l.?07. 

0.  Fraas. — Erfunde  on  der  Scbussonqiietle,  40  (plate). 
G,  Fniaa. — Oyopla-r  arataetut,  cin  nuuer  KeupeT-Saurior  106  (plate). 
G.  Wemer.^Ueber  die  Varietiitcn  des  KulkapBtlu  in  WiirttamberE, 
113  (plate). 

Trinidad,  Proceedings  of  the  Scientific  Association  of.     Fart  IT. 
June  1867. 
R.  J.  L.  Guppy.— Fetiolenm  and  Nif  btlu  (atNtntot),  188. 
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Turin.    Atti  della  R.  Accademia  delle  Scienzo.     Vol.  i.  Parts  3-7. 

186G. 

Gastaldi. — Helasione  intomo  ad  una  Memoria  del  Sig.  Hamorino^ 
intitolata  "  Sopra  le  Caveme  di  Liguria,  &c.,"  279, 

Vogt — SoDra  alcuni  Cranii  umani  trovati  in  Italia,  200. 

Striiver. — jlinorali  dei  g^raniti  di  Baveno  e  di  Montorfano,  305. 

Gastaldi. — Nuove  osservazioni  sulla  orifnno  doi  bacini  lacustri,  308. 

.    Sulla  esistenzA  del  Serpentine  in  posto  nelle  colline  del  Mon- 

ferrato,  404. 

Sofarero. — ^IdrauliciU  della  Giobertite,  663. 

— .    .     Vol.  ii.  Parts  1-3.     1867. 

SL^monda's  'Memoria  sulle  recce  antracitifero  delle  Alpi/  noticed,  17. 
SeUa. — Sulla  memoria  intitolata  '^  Studi  sulla  Mineralogia  italiana,*' 

del  sig.  G.  Striiver,  41. 
Sobrero. — ^Idraulicita  della  Giobertite,  141. 
.    Della  porcellana  magnesiaca  di  Vinovo,  221. 

Victoria.    Reports  of  the  Mining  Surveyors  and  Registrars.    January 
to  December  1866. 

.    Royal  Society.     Transactions  and  Proceedings.     Vol.  viii. 

Part  1.     1867. 

Thomas  Harrison. — Geological  Trip  over  the  Coal-basin  of  New 
South  Wales,  I. 

C.  Wilkinson. — ^Theory  of  the  Formation  of  Gold  Nuggets  in  Drift,  11. 
McCoy. — Discovery  of  Enaliosauria  and  other  Cretaceous  Fossils  in 

Australia,  41. 
J.  E.  Tennison  Woods. — Glacial  Period  in  Australia,  43. 

Menna.    .Johrbnch  der  kaiserlich-koniglichcn  geologischen  Reichs- 
anstalt.    Vol.  3tvii.    No.  1.    January,  February,  and  March  1807. 

V.  Ilftuer. — Geologischo  Ueborsichtskarte  der  Ssterreichischen  ^lo- 

narchie.     Nach  den  Aufnahmen  der  k.-k.  geologischen  Reichs- 

anstalt,  1. 
Zopharovich. — Fluorit  aus  dor  Gams  bei  Ilieflau  in  Steiermark,  21. 
G.  L.  Mayr. — ^Vorlaufige  Studien  iiber  die  Radoboj-Formiciden,  in 

der  Sammlunff  der  k.-k.  geologischen  Reichsanstalt,  40  (plate). 
B.  Roha. — Der  Kohlen-  und  Eisenwerkscomplex  Anina*Sticrdorf  im 

Banat,  6S  (plate). 

D.  Stur. — Beitrage  zur  Kenntniss  der  Flora  des  Silsswasserquarzes  dor 
Congerien-  und  Cerithien-Schichtcn  im  Wiener  und  ungarischen 
Becken,  77  (3  plates). 

.    .    VoL  xvii.    No.  2.    April,  May,  and  June  1867. 


W.  Helmacker. — Mineralspecies,  welche  in  der  Rossitz-Oslawaner 

Steinkohlenformation  vorkommcn,  105. 
Itilcker. — ^Die  Mieser  Bergbauverhaltnisso  im  Allgemeinen,  nebst  spe- 

cieUer  Beschreibung  der  Frischgliickzeche,  211. 
J.  B(3ckli. — Die  geologischen  Verhaltnisse  des  Buck-Gebirges  und  der 

angrenzenden  Voiberge,  295. 
G.  Stacbe. — Die  Eocen-Gebieto  in  Inncr-Krain  und  Istrien.   3.  Folge, 

Xr.  Yxii.  Die  Eoccnstriche  dor  QuanK^riachen  In8cln2243  (plate).. 
EUenberger. — ^Daa  Petroleum-Terrain  Westmdiziens,  201. 
F.  Peteis.— Das  Halitheriunukelot  von  Ilaiuburg,  300  (plate). 
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Vienna.      Kiiisorlichc  Akadumiu   dor   Wisscnschafton.      Anzclgcr. 
Jnhrg.  1SG7.    Nos.  IS--21. 

C.  LiLubu. — Ein  Ikitni};  ziu  Kcnntnias  dei  Kchinodemion  dea  Yict'n- 
fiiiiM/licii  Turtiiiiwebiutes,  154. 

O ,  TachiTuiak. — Uebcr  dns  A  uftreUn  dcsOliTuis  in  den  FclmmsseD,  161. 
V.  V.  Zi'pliATOTicli. — IKe  Itesiiltate  der  cbemiacb-minentlogisclicn 

I'litcrHiiclmngrrn,  IIM). 
IC.  Itiiuas. — DiL'foEsileuAnthoztKnderScliichtenvanCa^ti'Wiiibcrto, 

171. 
W.v.IIuidiiiger. — Meteoritenduak.-k.IIof-MiLoralien-CabineteSiirS. 

.     Ktii«'rli('h-ki)ni;i>licho  gc-ologische  llcichsonstiilt.     Verhand- 

liingcn.     Jahrg.  18(n.     Noa.  11  &  12. 
J.  'Wnzuioknwiiki. — Iteibenfolge  der  Congo lioDscbicbten  bei  Gftvit  m 

Miilireii,  2-tJ. 
A,  l^thli-r. — Die  erafiihrenden  Kalkevonllopffrarft'n  l>ia  Scliwai,2.*M. 
F.   l*iii«[iiiy. — Ein   noues   Schwcfclvorkommen  an   der   Ciceia   bei 

Vi'nvpntik,  I'.t7. 
K.  M.  Pniil.— Uuip-ppnd  von  Podbjel  in  der  Arva,  2.16. 
K.  v.Mdji'iijovicj', — I'mp-jroiidTon  I>chotaiindTSinT)veindef  Arvn,2!lO, 
K.  yi.  raid. — IMo  KitriNitben^iindsti-ine  nud  KJippenkalkc  xwiecbea 

der  Ami  Miurure  und  di'in  An'afluase,  i-if). 
¥.  I'lii'tltrlf,— Dn3  Miininy'er  (U-birtre,  242. 
<i.  Si.ii'lii^.— lliui  Grbti^t  di'T  gchwarzen  tmd  WL'is.'cn  Wang,  243. 
11.  WolV— rmji,>g..nd  roil  Tokaj,  24.1, 
J.  Kr^oi. — Ulicdi'mn;;  di>r  Kividu|!el)ildc  iu  Biibm«n.  251. 
I'r.  ^^  I'inek.— Murkasit  nacb  Eiwnglanz,  252. 
K.  Bt-iawifbor.^lier  JobDnuesbninn  bei  Gleifhenbere,  2'i2. 
V.  I'osi'jinv. — Studit'n  au^  dm  Saliiien terrains  Siebenliii^'ns,  2.>2, 
l{.r.llaiu>r. — >Va*M>rderSpriiifftIiernieBufderMar(rHrethenlnBcl,262. 
\V.  St'bluiibudi. — Tit honiwhe  Fauna  in  ^panien,  2^>4. 

E,  Y.  Moisisovics. — Die  tithoiiiscben  Klippcn  bei  Paloesa,  25-5. 

F.  V.  Andrian. — Cmgcbuup  von  Dotechaw,  257. 

E.  V.  Mojfiiiovie?. — Ih>r  I'isanaquarzit,  258. 

.     Urogebungun  von  Lucsky  und  Siebnitz,  259. 

D.  Stnr.— -Gniilt  m  dem  KarpatEen  u.  s.  ir.,  260. 

II.  \Voir.— HepralliR.    Kohlenbergbau  bei  Uioreyor,  202. 

F.  Foetterle.— OesUicher  Theil  dea  Djumbir,  203. 

R.  Pfriffer.— Umgcbung  von  Zlatna,  TohoreUa  und  Helpa,  264. 
D.  Stur.— Da«  Thai  von  Eevuca,  204. 

G.  SUcbe.— UmgebuD^n  von  Geib  und  PribUina,  266. 
K.  M,  Paul. — Zam^'a  in  der  Arva  und  Klein  Kriwan,  266. 

■W^or-Offiee  Library.     Lidox  to  Articles  in  Periodical  Publications. 
Nos.  7  it  8.     July  and  August  1867. 

Warvickahin^  Natural  Histoiy  aud  Archoeolog^cal  Society.    Thirty- 
first  Annual  Report.     April  1867. 

Warnickshirc  Naturalists'  and  Arelucologists'  Field-dub.    Fntcced- 
inga.    1866. 
P.  B.  Urodie.— Drift  in  pHt  of  Warwiekrfure,  1 4  (plate). 
.    Foasiliferona  beda  iu  Keuper  of  Wanriduhira,  SB. 

Zoological  Society  of  London.     Proceedings.     January  to  Jtmo  nnd 
Juno  to  December  1866. 

.    TnmsactionB.    VoL  n.    Farts  1-3.    1866-67. 
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II.  PERIODICALS  PUKCHASED  FOR  THE  LIBRARY. 

Annals  and  Magazine  of  Natural  History.     Third  Scries.     Yol.  xx. 
Noe.  115-117.     July  to  Septefnber  1867. 

H.  G.  Seeley.— On  the  Potton  Sands,  23. 

"W.  R  Carpenter. — Shell-structure  of  Spirifef  cuspidatus  and  of  certain 

allied  S^riferida,  08. 
N.  Moore. — ilegaceros  ffibemtcus  in  the  Cambridgeshire  Fens,  77. 

Lconhard  und  Geinitz's  Neues  Jahrbuch  fur  Mineralogie,  Geologic^ 
und  Palajontologie.     Jahrgang  1867.     Hefte  4  &  5. 

C.  Fuchs. — Vulcanischen  Erscheinungen  im  Jahre  1806,  385. 

E.  Stohr. — Pyropissit-Vorkommen  in  dem  Braunkohlen,  403  (plate). 

A.  Kenugott. — Alkalische  Reaction  eiuiger  Minerale,  420. 

II.  Credner. — Beschreibung  einiger  parageuetisch-interessanter  Gold- 

Vorkonimen  in  Georgia,  N.-^unerika,  442. 
A.  Streng. — Diorite  und  Granite  des  KyfFhauser  Gebirges,  513. 
A.  Stelzner. — Die  Bildung  und  die  spateren  A^eranderungen  des  Faxe- 

kalkes,  543  (plate). 
R  Schmidt. — Die  kleineren  organischen  Formen  des  Zechsteinkalkes 

von  Selters  in  der  Wetterau,  570  (plate). 

L'Institut.     I'*  Section.     35*^  Annee.     Nos.  1748-1752. 

Notices  of  Meetings  of  Scientific  Societies,  &c. 

Ch.  Sainte-Claire  Deville. — Eruption  sous-marine  pri^  de  Tile  de 
Terceire,  209. 

Existence  de  surfaces  nolies,  moutonn^es  et  strides  sur  le  versant  occi- 
dental de  la  Sierra  Nevada,  234. 

Peters. — Tremblement  de  terre,  248. 

Reuss. — Crustac^s  de  calcaire  du  trias  inferieur  d'Aussce,  248. 

Palseontographica :  herausgegebcn  von  Dr.  Dunkcr.   Yol.  xvi.  Lief.  3. 
July  1867. 

Dr.  Anthon  Dohrn. — ^Zur  Kenntniss  der  Insecten  in  den  Primarfor- 

mationen,  120  (plate). 
Dr.  Emil  Selenka. — Die  fossilen  Krokodilien  des  Kimmeridge  von 

Hannover,  137  (2  plates^. 
A.  von  Koenen. — Das  marine  Mitteloligocan  Norddeutschlanda  und 

seine  Mollusken-Fauna,  145  (4  plates). 

:  herausgegebcn  von  Hermann  von  Meyer.     Yol.  xv.  lief.  5, 

July  1867. 

IL  von  Meyer. — Ueber  fossile  Eier  und  Fedem,  223  (3  plates). 

.    Amphicyon  P  mit  krankem  Kiefer,  aus  dem  Tortiar-Kalk  von 

Flriisheim,  253  (1  plate). 

Paephoderma  Anglicum  aus  dem  Bone-bed  in  England;  201 


(plate). 

— .    oaurier  aus  dem  Muschelkalke  von  Helgoland,  205  (plate). 


Paris.     Annales  des  Sciences  Naturelles.    Zoologie  et  Palcontologie. 
5'  Sdrie.    Yol.  vii.     Nos.  2  <fc  3.     February  and  March  1867. 

A.  Gaudry. — La  faune  dont  les  restes  ont  ^t4  enfouis  k  Pikermi,  05. 
F.  Schmidt — Sur  le  Mammouth  d^ouvert  par  un  SamoyMe  dans  la 

baie  du  Tos,  pr^  du  golfe  de  TObi,  82. 
Whitney. — La  d^eouverte  d*un  crane  humain  enfoui  dans  un  d^p6t 

volcamque  en  Califomie,  122. 
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Puria.    AnnolcB  dcs  Scionocs  Naturallua.    Zoologic  vt  Pulvontologic. 
5'  Si'rie.     Vol.  vii.     Kos.  2  i  3  (confinurd). 
Schcuror-Kivtucr. — liucheTcbe»  rbiiiiiques  bui  les  ossciuents  trouvt's 
iIotiH  lo  Loliin  d'K(nilaheim,  105. 

Cuttenii.— Coa-)id(?rotiona  gi^nt'ralcB  sur  le«  EcHnidea  rtguliwa  du 
terrain  ndtacd  dv  Fmncc,  180. 

.    JouriiftI  de  Conchyliologic.    3'  Bdric.   Vol.  vii,    Ko.  3.    180", 

O.  Semper. — Descriptiou  do  deux  ospSceB  foasilea  du  gcnio  JVtrilMa, 

322  (plalf). 


III.  GEOLOGICAL  AND  MliSCELLANEOUS  BOOKS. 
Natnfg  of  Donori  in  Xialict. 

Arehiac,  A.  d'.     Explieatioa  d'un  Prufil  Ocologiquu  do  I'Angleterre. 

1807. 

.     Gc'ologie  et  Palcontologie.     1800. 

BaiJy,  W.  II.     Figurea  of  Clianicteristio  Dritish  Foapila :  with  do- 

Bcriptivc  rumurka.    Part  1.  Cambriun  and  Lowur  Hilorinii.    1807. 

Barrande,  J.    Cepbolopodes  Siluricns  do  la  Boh(!mo.    Introduction, 

1S07. 

,     Ftoropodca  Siluricna  de  la  fiolitSmo.     lutroduction.     1667. 

.     Bpti-mu  Siluricn  du  Centre  do  la  DohCmo.     l'"Partio;  Re- 

cherc-hcs  Pult-ontologiiiucs.    Vol.  ii.  CIubsc  dos  Mollusqncs.    Onlrc 

dcB  CoiihalopodcB,     Xoxto.     1807. 
.     ,    ,    Vol,  Hi,  Claaae  dca  Molluequcs.    Ordre  di« 

PtoroiKtdoa.    1807. 

Btsthojf,  T.  L.  W.  Uebor  die  Brnnchbnrkeit  der  iii  vorachiodeneu 
eurupiiischcu  Stantuu  vcruffontUcIitca  Bcsultato  dca  BccrutirungB- 
Geaehiiftoa.    18(i7. 

Bisclinf,  G.  Lchrbuch  der  uhcmiscbcn  and  phyukalJaclion  Geologic. 
Vola.  3  &  a     1804. 

Elanford,  W.  T.     Note  on  the  Geology  of  the  ncighbouriiood  of 

Lynynn  and  ItuBncckoto,  Nortb-vcat  of  Kotree,  in  Sind.     1807. 
.     On  the  Geology  of  a  portion  of  Cutch.     1807. 

Bovchtr  de  Pertlut.    Dea  Idces  Xnn^ :  do  la  UiSmoirc,  et  de  I'Li- 

stinct.     1807. 
Carptnter,  W.  B.    On  tiie  Shell- atructure  of  Spirifer  n^ptdntef  and 

of  certain  allied  Spin/fl-tAe.    1887. 
C6lrman,L.    The  Great  Crcrane  of  the  Jordan  and  of  the  Bed  Set. 

1867. 
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'' Coimopolite"  Les  Mines  d*Or  de  la  Nouvello  Ecosse.  4'  ^tion. 
18fi7. 

Crawfordf  J.  Ooutts.  Essay  on  the  Geology  of  the  North  Island  of 
New  Zealand.     1865. 

D'Achianli,  A,  Coralli  Fossili  del  terrene  nummulitico  dello  Alpi 
Venete.     1867. 

- — .    D'alcune  caveme  e  brecce  ossifere  dei  inonti  Pisani.    1867. 

.     Delia  Grotta  all'  onde  sul  Monte  Matanna  (Alpi  Apuane) 

esplorata  del  Dottore  Carlo  Eegnoli.     1867. 

Danube.  Commission  Europ^enne  du  Danube:  Memoire  sur  les 
traraux  d'amelioration  executes  aux  embouchures  du  Danube  par 
la  Commission  Europecnne  instituee  en  vertu  de  Particle  16  du 
traitc  de  Paris  du  30  Mars  1856.  Accompagnc  d'un  Atlas  de  40 
planches.    1867.    Ft^om  the  Secretury  of  State  for  Foreign  Affairs, 

I>uncan,  P.  Martin,  A  Monograph  of  the  British  Fossil  Corals. 
Second  Series.  Part  lY.  No.  1.  Corals  from  the  Zones  of  Ammo- 
nites planorbis  and  Ammonites  angvUatus  in  the  liassic  Formation. 
1867. 

ichwald,  E.  von,     Beitrag  zur  Geschichte  der  Geognosie  und  Palse- 
ontologie  in  Russland.     1866. 

Die  Bhytimi  horealis  und  dor  ffomocrinus  dipentas  in  der 
*  Lethaa  Rossica.'     1866. 

Einige  Bcmerkungen  iiber  die  geognostischen  Karten  des 
earopaischen  Russlands.     1865. 

Ueber  die  Neocomschichten  Russlands.     1866. 

\i\rman,  E,  St,  Jolin.  Descriptive  Report  of  a  Plot  of  Land  known 
as  the  "  Salsa  di  Querzola"  in  the  commune  of  Viano,  Province  of 
Reggio  (Emilia),  Northern  Italy.     1867. 

(it'rf,  A,  Note  sur  le  terrain  triasique  de  la  Savoie,  sidvie  d'une 
lettre  de  M.  Ch.  Lory  sur  le  m6me  sujet.     1867. 

Rapport  sur  les  travaux  de  la  Societ<^  de  Physique  ct  d'EEis- 
toire  NatureUe  de  Geneve  de  Juin  1866  a  Mai  1867.     1867. 


rarrigouy  F,  La  v^rite  sur  les  objets  do  Tage  de  la  pierro  polie  des 
cavemes  de  Taraacon  (Ariegc)  exposes  sous  le  nom  de  M.  Filhol 
(pere).     1867. 

ihudry^  A.  Animauz  fossiles  et  Gc^ologio  de  TAttiqae  d't^r^  les 
recherches  faites  en  1855-56  et  en  1860  sous  les  auspices  do 
TAcademie  des  ScumceB.    livmisoiiB  17  et  18.    1867. 

Grooss,  A.  GeologiBche  Specialkarte  des  Grossherzogthums  Hessen 
und  der  fengiensenden  Landeogebiete.  Section  Mains,  geologitdh 
beaibeitet.     1867.    Frim  iht  MiddU-Bhim4  i3lt9kgioal  8iHi^ 


GamUl,  C.  W.  Kurzc  Xotiz  iiber  dio  Glicdening  der  sjichsischen 
und  bayt-mchen  obercn  Krcidcschichtcn.     1SH7- 

Haidlni/er,  W.    Die  Ueteoritcn  dca  k.-k,  Hot-Mincralicn-Cabuietes 

am  1.  Juli  18B7. 
Hiiner,  F.  von.     Geologischo  Ucbcrsicbtskarto  der  Oesf crrcicliischeii 

Monarchic  nach  den  Aufnalimcn  der  k.-k.  gcolugischcn  Roichsan- 

stalt.     BlattSr.V.  Wcstlicho  Alpcnliindcr.     1SC7. 
Hilif.ft,  E.     Observations  snr  Ics  calcaires  u  TerrhraluJa  dij'Jii/a  du 

Dauphiiie  ct  en  piirtiuiilicr  aur  lo«  foiutilcs  At-s  caltMrts  <Ic  la  I'orto- 

de-Francc  (ORinoblc).     18C0. 

,     Sur  lc3  calcnirus  h  Ta-elratu1a  iUpliija  dc  la  Porto -do- Fran  ee, 
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T.  Jones,  Esq.,  13  Dundas  Terrace,  Hampstead ;  Martin  Crofton 
MorriBon,  Esq.,  late  H.M.  Consul  in  China ;  James  Wood  Mason, 
Esq.,  Queen's  College,  Oxford ;  Marriott  Ogle  Tarbotton,  Esq.,  103 
Victoria  Street,  Westminster ;  and  the  Rev.  Thomas  Nicholson, 
M.A.,  Ph.D.,  3  Craven  Street,  Strand,  were  elected  Fellows. 

The  following  communications  were  read : — 

1.  On  the  Parallel  Roads  of  Glen  Roy. 
By  Sir  John  Lubbock,  Bart.,  F.R.S.,  F.G.S.,  Pres.  Ent  See. 

DvBiNO  the  course  of  last  autumn  I  had  an  opportunity  of  visiting 
the  celebrated  Parallel  Roads  of  Glen  Roy,  and,  having  been  thereby 
led  to  study  the  various  memoirs  which  have  been  written  on  this 
interesting  subject,  I  have  been  brought  to  the  conclusion  that  the 
explanation  given  originally  by  Macculloch,  as  to  the  manner  in 
which  the  roads  were  produced,  is  not  the  correct  one,  although 
it  has  been  adopted  by  almost  every  one  who  has  subsequently  dis- 
cussed their  origin. 

I  do  not  propose  to  reopen  the  discussion  of  the  causes  owing  to 
which  the  valley  was  filled  with  water,  but,  taking  for  granted  that 
these  "  roads"  or  "  shelves"  represent  water-levels,  to  consider  the 
maimer  in  which  they  have  been  formed.  This  is  indeed  a  minor 
point ;  but  I  think  I  need  not  apologize  to  the  Society  for  the  attempt 
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to  obtain  a  clcnrur  and  more  defioito  inaight  evea  into  one  of  the 
lesser  operations  of  nature.  I  will  therefore  first  describe  the 
roads  briefly,  and  only  so  far  as  is  noccssary  for  ray  purpose,  doing 
so,  moreover,  almost  entirely  in  the  words  of  MaccuUoch,  Darwin, 
LyoU,  ite. ;  secondly,  I  will  give  tho  explanations  of  earlier  writers ; 
and  lastly  I  will  [wint  out  what  I  believe  to  have  been  tho  true 
modjia  opcmruU. 

Tho  parallel  roads  or  shelves  ore  throo  in  niimbcr  on  each  side 
of  the  valley ;  the  corresponding  ones  on  the  opposite  sides  are 
exactly  at  the  same  lovel ;  and  all  are  perfectly  horizontoL  So 
n^idar,  indood,  arc  they  that  they  irresistibly  remind  one  of  lines 
ruled  in  a  copybook,  however  incongruous  and  farfetched  such  an 
idea  luay  be. 

The  sides  of  Ulen  Roy  are  steep  and  have  an  equable  slope.  "  The 
natural  rock,"  says  Macculloch,  "  is  but  rarely  seen  "  •  :  and  Mr, 
Darwin  obaervos  that  "  tho  shelves  entirely  disappear  where  cross- 
ing any  part  of  tho  mountains  in  which  tho  base-roek  i-i  exposed"  f. 
The  loose  materials  of  which  the  slope  is  formed  "  have,"  in  the 
words  of  Macculloeh,  "  evidently  descended  from  the  hill  above," 
That  this  is  their  origin,  and  that  they  are  not  transported  materials, 
is  plain,  since  they  arc  not  rounded,  and  since  they  exactly  resemble 
tho  natural  rock,  which  is  of  a  remarkable  character,  consisting  of 
mien  slate  traversed  by  numerous  veins  of  red  granite — a  rock  which 
is  limited  to  tho  upper  part  of  the  glen,  and  is  not  found  in  the 
neighbouring  hills  J, 

"  The  parallel  roads,  shelves,  or  lines,  as  they  have  been  indiffer- 
ently called,  arc  most  idiuidy  developed  in  Glen  Roy.  They  extend 
in  lilies,  absolutely  horizonbil,  along  the  steep  grassy  sides  of  the 
mountains,  which  are  covered  with  a  mantle,  unusually  thick,  of 
slightly  ai^Uaoeous  olluviam.  They  consist  of  narrow  terroceB, 
which,  however,  are  never  quite  flat,  like  artificial  ones,  but  gently 
slope  towards  the  valley,  with  on  average  breadth  of  about  aix^ 
tivt"  §  . 

•'  111  general,"  says  Hoeoulloch,  "sixty  feet  may  be  assumed  as 
an  average  breadth  ;  by  far  the  greatest  portion  of  all  the  lines  will 

bo  found  to  conform  to  this  measurement  "II "  ^6 

extreme  breadth  may  safely  be  taken  at  seventy  &et,  or  a  little 
more  :  and  their  most  general  one  lies  between  that  and  fifty.  Aa 
in  110  instance  that  I  have  remarked  do  they  exceed  the  former,  so 
they  very  rtfrely  indeed  fiill  short  of  the  latter  dimension  "IT-  "On 
the  slope  of  a  brown  hill  in  Glen  Fintec"  (he  says  elaewhcre)** 
"  they  ore  particularly  worthy  of  remark  on  account  of  their  con- 
tinuity, preservation,  and  the  almost  absolute  eqnality  of  Ouat 
dimensions,  not  only  through  the  course  of  each  individnu  line,  but 
respectively  to  each  other."  This  uniformity  of  width  is  a  remark- 
able feature  of  the  shelves,  which  has  Btrook  most  oboervsn,  but  ot 

*  a«ol.  Tnuu..  Ber.  I.  voL  iv.  p  320.  t  FhiL  T^miu.  1830,  p.  4a 

I  HwMulloeh,  f.  c.  0.330.  I  Duwlii,  JL  e.  p.  SB. 

II  Loc.eU.p.aSli.  ^  i.».p.837. 
•«  L.  e.  p.  SS&. 
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which  no  explanation  has  yet  been  afforded.  In  those  places^  how- 
evoFy  where  the  roads  are  narrower  than  usual,  their  inclination  is 
also  more  considerable  *. 

The  shelves  "  contain  fewer  well-rounded  pebbles  at  the  greater 
heights  than  would  be  expected  on  any  theory  of  their  origin  "  t. 

For  several  miles  "  these  three  lines  pass  along  both  sides  of 
Glenroy  with  scarcely  any  interruption  "  J. 

**  The  lines  are  not  grooves  "  § ;  they  resemble  sections  of  parallel 
layers  applied  in  succession  to  the  face  of  the  hiU"  ||.  This  is  a 
point  of  great  importance.  '*  In  only  one  instance/'  says  Maccnl- 
loch,  "is  there  a  slope  resembling  a  superior  talus,  .... 
while  in  no  instance  did  I  perceive  the  marks  of  an  inferior  one." 
The  true  relation  of  the  shelves  to  the  hiU  is  shown  in  the  accom- 
panying diagram,  which  was  given  by  Dr.  MaccuUoch,  and  has 

Fig.  1. — Section  of  the  Paralhl  Beads  of  Glen  Roy,  after 

Maeculheh. 


a  by  present  slope. 

been  accepted  and  copied  by  Mr.  Darwin,  Mr.  Chambers,  and  Sir  C. 
LyelL  It  will  be  observed  that  the  general  slope  of  the  hiU  is  the 
same  above  and  below  the  road.  In  fact  there  are  but  two  slopes,  one 
that  of  the  hill,  the  other  that  of  the  roads.  Both  vary  somewhat 
in  different  parts  of  the  glen,  preserving,  however,  about  the  same 
ratio  to  one  another. 

Finally,  the  lines  "  entirely  disappear  when  crossing  any  part 
which  is  gently  inclined  "  T. 

*  Maoculloch,  p.  320.  t  Darwin,  p.  4L 

{  Chambers,  Ajident  Sea  Margins,  p.  97 ;  Darwin,  p.  75. 

iJamieson,  Quart.  Joum.  G^l.  See.  vol.  xix.  p.  233. 
Maccullocb,  p.  337.  1  Darwin,  p.  4a 
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I  am  prepared  to  accept  tho  BubBtantial  accuracy  of  the  above 
woodcut,  with  one  important  alteration.  It  is  sufficiently  obvious 
that  if  "a"  is  the  preneut  summit  of  the  hill,  the  old  ono  muBt 
have  been  Eomcwhat  higher,  say  at  a',  and  the  original  wlopc  con- 
sequently steeper  than  «  6. 

As  regards  the  facta,  tlien,  wo  have  a  substantial  agreement ;  and 
they  may  be  summed  up  as  follows  : — 

Ist.  The  sid<!  of  the  hill  is  covered  with  rubbish  derived  from  the 
weathering  of  tho  rocks. 

2nd.  The  roads  are  not  excavations  in,  nor  embankments  on.  the 
side  of  the  hiU,  but,  in  the  words  of  Macculloth,  reBcmble  stairs,  or 
sections  of  purullcl  layers  applied  in  succession  to  the  face  of  the 
hill. 

;)rd.  Tliu  horizontal  roads  do  not  appear  when  the  solid  roi'k 
appears,  nor  when  tho  slope  is  exceptionaUy  flat. 

4th.  Mueculloch  only  sow  one  case  in  which  there  was  a  superior 
talus,  and  never  found  any  trace  of  an  inferior  one. 

5th.   The  stones  on  tlio  road  are  very  little  rounded. 

0th.  The  roads'  are  qnite  contiiiuniui,  except  under  tho  eirciim- 
stances  named  above,  or  where  a  rivulet  runs  down  the  Bide  of  the 
glen. 

7th.  The  roails  slope  towards  the  valley. 

8th.  The  roads  are  very  equal  in  size.  Not  only  is  this  the  ease 
with  each  road  during  its  whole  course,  but  it  is  also  true  of  Ihem 
as  regards  one  another. 

9th.  "When,  however,  they  are  narrower  they  are  also  eteeper 
than  usual. 

The  true  explanation  of  the  origin  of  tho  roads  must  bo  consistent 
with  all  these  conditions. 

I  now  proceed  to  consider  tho  various  explanations  which  have 
been  suggested. 

It  is  not,  indeed,  nocessaiy  to  consider  the  theory  which  regarded 
them  08  literally  roads  made  of  old  by  Fingal  and  his  brother 
heroes — nor  the  more  prosaic  but  scarcely  less  preposterous  one. 
that  they  were  made  for  hnntdDg-purpoBcs  by  the  early  kings  of 
Scotland. 

Taking  the  principal  authors  who  have  written  on  the  subject 
in  cfarouologicsl  order,  we  coromenoe  with  Dr.  HaocoUodi,  who 
thus  explains  how  in  his  opinion  tho  "  roads  "  were  formed. 

"  The  water,"  he  says,  "  checks  the  constant  and  gradual  descent 
of  the  alluvia  of  the  hills.  The  descending  matters  thus  loung  a 
large  portion  of  their  weight  by  immersion  in  the  water,  and  in 
winter  often  rendered  still  more  buoyant  by  being  entan^ed  in  ice, 
are  thrown  back  against  the  face  of  the  hill  by  the  inoenant  action 
of  the  superficial  wavea,  and  are  thus  ev^y  apiead  against  its 
aide."  • 

Bir  T.  Lauder  Dickf  gives  a  diagram  of  a  lake  with  predpitoos 

banka,  in  whtdi  he  suppoaes  that  the  water  would  excavate  a  hollow. 

If,  bowevn,  the  materials  were  suffldenUy  solid  to  stand  at  m 

•  L«e.eit.  p.S71.  t  Bdinb.  Bny.  Sae.TMns.TOttt. 


1807. J        LUBBOCK PABALLBL  ROADS  OF  GLEN  ROT.  87 

high  an  angle  as  that  indicated  by  him,  I  doubt  whether  the  still 
waters  of  an  inland  lake  would  have  sufficient  power  to  eat  them 
away.     Moreover  the  case  is  not  one  of  mere  erosion. 

Mr.  Darwin  expresses  himself  as  follows : — 

The  shelves  "  seem  to  have  been  formed,  as  suggested  by  Mac- 
culloch,  by  the  check  given  to  the  downward  descent  of  ordinary 
detritus,  and  that  transported  by  torrents,  at  the  level  of  the  ancient 
waters  "  (p.  41).     Again — 

**  The  fringe  of  rudely  stratified  alluvium,  the  origin  of  which  we 
are  considering,  resembles,  both  in  structure  and  composition,  such 
beds  of  detritus  as  would  have  accumulated  on  the  shores  of  a  lake 
had  one  existed  in  these  valleys"  (p.  51).     And  once  more — 

'•  The  two  regular  shelves  are,  perhaps,  more  plainly  marked  here 
than  in  any  other  part  of  the  whole  glen ;  and  it  would  appear  pro- 
bable that  this  is  owing  to  that  portion  having  been  exposed  to  a 
longer  space  of  open  water,  by  which  means  the  ancient  waves 
acquired  a  greater  than  ordinary  power  in  heaping  up  detritus  " 
(p.  62). 

Mr.  Milne-Holme  does  not  enter  much  into  this  part  of  the  subject. 
He  says,  however,  "  In  a  lake  which  has  no  movcmcnts'of  water  either 
vertical  or  lateral,  the  detritus  deposited  on  the  sides  of  a  valley 
oceupied  by  it  will  be  scarcely  if  at  all  removed,  and  will  thus  form 
projecting  buttresses  nearly  flat  on  their  upper  surfaces,  and  present- 
ing steep  escarpments  towards  the  lake  "  *. 

Prof.  Rogers  t  regards  the  roads  as  **  nearly  level,  wide,  deep 
grooves  in  the  easily  eroded  boulder-drift  or  diluvium  which,  to  a 
greater  or  less  thickness,  everywhere  clothes  the  sides  of  these 
mountains ;"  and  he  supposes  these  grooves  to  have  been  cut  by  a 
great  inundation  coming  from  the  Atlantic. 

Mr.  Robert  Chambers  X  also  considers  the  roads  to  be  **  lines  of 
indentation  "   in  the  btherwise  uniform  slope  of  the  hill. 

Mr.  Jamioson  follows  MaccuUoch.  The  terraces  are  formed,  ac- 
cording to  him,  "  by  the  check  which  the  water  of  the  old  lake  gave 
to  the  descent  of  the  debris  washed  into  it  by  the  rains  and  streams, 
«s  MaccuUoch  long  ago  pointed  out.  They  are,  if  I  might  use  the 
expression,  the  continuous  deltas  formed  by  the  rains  and  other 
atmospheric  agents  "  §. 

Finally,  Sir  C.  Lyell  expresses  himself  as  follows  : — "  The  parallel 
shelves  have  not  been  caused  by  denudation,  but  by  the  deposition 
of  detritus  precisely  similar  to  that  which  is  dispersed  in  smaller 
quantities  over  the  declivities  of  the  hills  above"  ||. 

'^  It  is  well  known  that  wherever  a  lake  or  marine  fiord  exists^ 
surrounded  by  steep  mountains  subject  to  disintegration  by  frost  or 
the  action  of  torrents,  some  loose  matter  is  washed  down  annually, 
especially  during  the  melting  of  snow,  and  a  check  is  given  to  the 
descent  of  this  detritus  at  the  point  where  it  reaches  t^e  waters  of 

*  Edinbuig^  Boyal  Soo.  Tnns.  vol.  xW.  1847. 

t  Lecture  at  the  Boyal  Institution,  March  22, 1861. 

t  Anoieoi  Sea  Margins.  {  Quart.  Journ.  Ghx>l.  Soc.  ?ol.  xix.  p.  238. 

I  Antiquitj  of  Man,  p.  2a3. 
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tbe  lako.  The  waves  then  spread  ont  the  materials  along  the  shore, 
and  throir  some  of  them  npon  the  heoch,  their  diapendng  power 
being  aided  by  the  ice,  which  often  adheres  to  pebblcB  during  the 
winter,  and  gives  buoyancy  to  them"  *. 

Iiifliienccd  by  this  idea  of  matter  being  "thrown  np"  by  the 
wavcB,  he  acrounts  for  the  intermediate  shelf  on  Tombhran  by  the 
fact  that  "  it  occurs  where  there  was  the  longeat  s]iace  of  open 
water,  and  where  the  wares  may  have  acquired  a  more  tban  ordi- 
nary power  to  heap  up  detritus  ". 

It  is  fair  to  remember  that  all  these  eminent  writers  were  prin- 
cipally occupied  in  considering  how  the  water  filled  the  valley.  If 
their  attendon  had  becii  mainly  directed  to  the  manner  in  which 
the  shelves  had  been  formed,  I  cannot  but  think  that  they  would 
have  arrived  at  a  different  explanation. 

Kg.  2.— Section  of  the  Roadt  Fig.  Z.—SfCtion  of  the  Soaih  ac- 

aeeonling  to  llie  Iktory  of  eordimf    to    Sir  T.  Lauiier 

Maceuiloeh.  Di'cfs  the^ri/. 


If,  for  instance,  the  theory  advocated  by  Sir  T.  L.  Dick  and  Prof. 
Rogers  were  sufficient  to  explain  the  whole  matter,  the  section  pre- 
sented by  the  side  of  the  hill  ought  to  have  shown  an  excavation,  as  in 
fig.  3.  On  the  other  hand,  if  the  theory  first  proposed  by  Dr.  Uac- 
eulloch  and  udo])ted  br  Kr.  Darwin,  Hr.  Milne,  Mr.  Jamicson,  and 
Sir  Churles  Lycll  were  tlie  correct  one,  the  section  would  ho  n  projec- 
tion, aa  in  fig.  2.  The  true  outline,  however,  as  admitted  by  almost 
all  observers,  ia  that  represented  in  fig.  1 ;  nowhere,  aa  we  have 
already  aet^n,  does  it  resemble  that  of  fig.  2.  Moreover,  if  the  roads 
were  owing  to  the  heaping  ap  of  loose  detritus  "  washed  down 
annually,  and  especially  during  tlie  melting  of  snow,"  the  shelves 
ought  to  be  broadest  where  rivuleta  come  down  the  sides  of  the 
hills,  whereas,  on  the  contrary,  these  streamlets  have,  as  is  well 
known,  sctnally  produced  tho  opposite  effect,  and  cut  back  the  hill- 
mde. 

Not  only  docs  this  theory  require  a  very  different  relation  between 
the  hill  and  the  roads,  but  it  leaves  nsezplsined  the  very  erra 
width  of  the  roods  themselves. 

As  loose  matter  would  be,  and  in  bet  has  been,  washed  down 
mneh  more  abundantly  in  some  places  than  in  others,  the  looda 
most,  on  any  such  hypothesis,  vuj  greaUy  in  width.    This,  how- 

•  Op.ea.f.  255. 
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ever,  as  we  have  seen,  is  not  the  case ;  but,  on  the  contrary,  the 
yery  even  breadth  of  the  roads  is  one  of  their  most  remarkable 
peculiarities. 

Much  of  the  confusion  has,  I  think,  arisen  from  the  notion  that 
the  roads  were  **  continuous  deltas."  This  idea  was  evidently  up- 
permost in  the  minds  of  Dr.  Macculloch,  Mr.  Darwin,  and  Sir  C. 
Lyell,  when  they  spoke  of  the  "  check  given  to  the  downward  descent 
of  ordinary  detritus."  But  in  the  case  of  a  delta  the  check  is  not 
given  directly  to  the  solid  matter,  but  to  the  water  carrying  that 
matter.-  The  power  of  running  water  to  carry  solid  matter  with  it 
varies  with  its  velocity ;  and  when  the  current  is  stopped,  the  trans- 
lation of  this  matter  of  course  ceases  also.  Solid  matter,  on  the 
contrary,  rolling  by  its  own  momentum  down  a  slope,  moves  under 
Tery  different  conditions,  and  would  not  be  arrested  by  water,  but 
(unless  indeed,  lighter  than  the  water)  would  continue  to  descend 
until  it  came  to  a  slope  on  which  it  could  stand. 

We  see  that  this  is  the  case  in  Glen  Koy  itself,  and  that  the 
shelves  have  not  been  formed  where  streams  come  down  the  slope. 
Not  only  does  the  matter  they  carry  down  go  on  to  the  bottom  of 
the  Glen,  but  the  streams  cut  back  the  side  of  the  hill,  and  the 
shelves  are  wanting  exactly  where  they  ought,  on  Dr.  Macculloch's 
theory,  to  be  most  strongly  developed. 

No  doubt  there  are  cases  in  which  terraces  have  been  thrown  up 
by  waves  on  the  side  of  a  hill.  In  such  cases,  however,  it  seems  to 
me  that  we  should  have  a  section  somewhat  like  that  shown  below 
(fig.  4).  This,  however,  differs  from  the  Glen-Roy  section  in  two 
important  particulars.     In  the  first  place,  the  slope  of  the  shelves  is 

Fig.  4. — Section  Ulustrating  the  form  of  Sea^heache^, 


away  from,  and  not  towards,  the  water ;  and,  secondly,  there  must 
be  a  flat  (a)  within  reach  of  the  waves,  and  from  which  they  may 
obtain  the  materials  to  throw  up.  Moreover,  in  such  a  case  the 
pebbles  &c.  forming  the  shelves  must  be  more  or  less  rounded. 

I  will  now  proceed  to  state  my  own  idea  as  to  the  manner  in 
tdiich  the  roads  have  been  formed. 

In  Older  to  understand  the  matter  thoroughly  we  must  go  back 
to  the  far-distant  time  when  the  valley  first  acquired  its  present 
depth  and  width.  It  is  evident  that  the  sides  were  then  steeper 
and  more  ragged,  becauae  the  solid  rock,  as  we  have  already  seen, 
seldom  comes  to  the  present  surface,  but  is  hidden  by  a  thick  cover- 
ing of  what  has  often  been  called  "  alluvium,"  or  rather  "  detritus." 
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In  order  to  realize  what  would  take  place  nndor  these  drcum- 
Btanocfl  we  have  but  to  remember  what  we  have  moat  of  ub  seen  in 
many  a,  fJwisa  valley.  Ou  each  eide  rise  steep  clifia,  at  the  foot  of 
which  is  a  larger  or  emaUer  "  talus "  of  fragmeats  detached  from 
above.  The  rock  gradually  weathers,  and  the  fragments  foiling 
down  accumulate  at  the  bottom,  fonniug  a  heap,  with  its  back 
ugainBt  the  cliff  and  a  elope  towards  the  valley.  The  angle  of  this 
slope  varies  according  to  the  nature  of  the  material,  but  lutdcr  the 
same  circumstances  is  constant. 

This  "  talua  "  reaches  to  a  greater  or  leea  height  up  the  roA,  and 
it  is  evident  that  the  time  must  eventually  come  when,  from  the 
degradation  of  the  cliff  and  the  accumulation  of  the  talus,  the  valley 
wUl  at  length  be  bounded  by  equable  slopes. 

The  angle  of  these  slopes  will  depend  on  the  nature  of  the  mate- 
Mr.  Ednin  Chirk  has  kindly  given  me  the  following  list,  taken 
&om  Itankine's  '  Manual ' ; — 

Drjund,  clay,  and  mixed  wrth from  37°  to  21°. 

Wetclay    17°  „  14°. 

Daaij)  daj „    43''. 

Shingle  and  gtarel   ,    48*10  35'. 

Pcut    45"  „  14". 

Molcsworth  givos  the  following : — 

Qravel    (uTcrage)  40^. 

Drywid 38°. 

Sand   „  2^'. 

Vegetable eaith  ...        „  28°. 

Compact  earth  ...         „  Uf. 

Shingle 39*. 

Bubflo    „  45°. 

Claj,  well  drained  45°. 

CUy,  wet    16°. 

There  are,  then,  great  differences  between  different  Bnbetances,  and 
even  between  the  same  substance  under  different  conditioiu.  It 
appears  evident,  however,  that  in  still  water  the  an^e  would  be  the 
same  as  in  air. 

As  this  is  a  point  of  much  importance,  and  as  I  have  found  a  veir 
general  impreeaion  that  the  angje  of  repose  in  water  would  be  m- 
ferent  &om  that  in  air,  I  have  pat  myself  in  oommunioAtion  with 
Prof.  W.  3.  Macqaom  Uankine,  and  subjoin  hi>  reply : — 

"Angle  of  repose. 

"60  St  TmoBDt  StrM^  flli^iii 
"  Ut  db&b  Bih  Johm, — Bo  for  u  my  ohwrvttion  and  flapcrienoo 
have  gone,  the  angle  t)t  repose,  or  natural  dope,  of  oo«M  detaitot 
oonsiBting  of  fragments  not  oapoble  of  being  softaned  or  labrioated 
by  water  la  the  same  in  still  water  as  in  air. 

"  ^0  obvious  explanation  of  this  &ct  is,  that  the  ntio  of  ftiotion 
to  pressure,  upon  winvb  the  uigln  of  rqrase  dopmdit  is  not  altgfad 
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by  the  preeenco  of  a  fluid  which  neither  softens  nor  lubricates  the 
solid  fragments. 

**  The  absolute  pressure  and  friction  are,  of  course,  diminished  in 
water  through  buoyancy;  and  therefore  the  solid  fragments  are 
more  easily  displaced  by  any  disturbing  force  in  water  than  they 
are  in  air :  but  in  the  absence  of  disturbing  force  their  positions  of 
equilibrium  are  the  same  in  both  fluids. 

''  I  may  state  that  I  have  seen  even  sand  stand  under  perfectly 
still  water  at  as  steep  a  slope  as  in  air.  The  grains  were  rough  and 
angular ;  had  they  been  rounded  and  smooth,  the  water  would  have 
acted  as  a  lubricant,  and  diminished  the  angle  of  repose. 

"  I  may  remark  that  there  is  only  one  perfectly  satisfactory  way 
of  settling  such  questions  as  this ;  and  that  is,  by  experiment. 

*'  I  am,  my  dear  Sir  John, 

**  Yours  very  faithfully, 

"  W.  J.  MAcauoBw  Bankhte.'' 

Now  in  the  case  of  Glen  Boy  it  is  probable,  from  the  occasional 
appearance  of  the  solid  rock,  that  the  sides  were  never  very  perpen- 
dicular. However  this  may  be,  all  observers  are  agreed  that  they 
are  now  covered  with  a  thick  layer  of  angular  detritus,  and  that  the 
solid  rock  rarely  comes  to  the  surface. 

It  seems  to  me  evident  that  the  detritus  stands  at  its  angle  of 
repose,  though  this  cannot  be  proved  by  calculation.  The  slope 
of  the  sides  of  the  valley  appears,  however,  to  be  very  nearly  what 
we  should  expect  from  the  Table  given  above.  Moreover  it  is,  I 
think,  sufficiently  obvious,  from  the  circumstances  of  the  case,  that 
the  present  slope  is  very  nearly,  if  not  exactly,  that  of  repose.  For 
if  not,  it  must  be  either  at  a  greater  or  a  less  inclination.  But  loose 
matter  cannot  stand  at  a  greater  angle  than  that  of  repose ;  and 
the  sides  of  Glen  Boy  have  evidently  suffered  little  change  since  the 
Glacial  period.  They  cannot,  therefore,  be  at  a  greater  angle  than 
that  of  repose.  Neither  can  they  be  at  a  less  inclination ;  for  they 
are  formed  of  detritus  which  has  come  down  from  above  by  wea- 
thering, while  if  the  angle  had  been  less,  the  detritus  could  not  have 
come  down. 

Again,  we  know  that  when  the  lake  stood  at  the  level  of 
the  two  upper  terraces,  several  streams  ran  into  it;  now,  if  the 
inclination  of  the  hiU  had  been  less  than  the  angle  of  repose,  the 
matter  brought  down  by  these  streams  would  have  rested  where  they 
entered  the  lake,  and  formed  deltas.  This,  however,  as  Mr.  Jamieson 
remarks,  and  as  his  map  shows,  has  not  been  the  case.  The  angle 
of  repose  of  any  given  substance  can,  as  I  have  already  observed, 
only  be  determined  by  experiment  i  and  it  has  been  suggested  to  me 
that  I  should  endeavour  in  this  way  to  determine  whether  the  sides 
of  Glen  Boy  do  stand  at  the  angle  of  repose.  It  would,  however,  be 
difficulty  if  not  impossible,  to  reproduce  the  exact  conditions ;  nor, 
indeed,  is  it  necessary,  since  nature  has  herself  tried  the  experiment 
fair  US.  It  therefore  seems  to  me  evident  that  the  sides  of  Glen  Boy 
do  stand  at  the  ang^e  of  repose ;  and  it  is  also  dear  that  they  must 
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havo  done  so  before  the  valley  was  filled  with  water,  because  seve- 
ral of  the  lateral  streame  had  cut  back  the  slopes  to  a  considerable 
depth  before  the  formation  of  the  lake,  so  that  the  "  roads''  wind 
into  the  recesses  thus  produced. 

Given,  theu,  a  viJley  with  sides  sloping  at  the  angle  at  which  the 
mutter  of  which  they  are  composed  wiU  stand,  what  will  happen 
if  the  lower  end  is  dammed  np,  and  a  lake  formed  ? 

The  deep  still  water  below  the  surface  wonld  effect  no  change ;  but 
although  in  a  narrow  mountain -locked  valley  no  very  great  dis- 
turbance of  tlio  water  would  take  place,  still  the  waves  would  have 
a  certain  umount  of  roUing-power.  Now,  suppose  a  stone  at  the 
edge  of  the  lake  moved  by  the  water  a  little  cither  to  one  side  or 
the  other ;  being  on  a  slope,  of  course  it  would  have  a  tendency 
downwards ;  and  of  the  stones  once  moved,  a  large  proportion  would, 
when  once  disturbed,  roll  down  at  once  to  the  bottom  of  the  valley. 
A.ny  one  may  try  this  on  a  small  scale,  as  I  hare  done,  and  satisfy 
himself  by  expeiiment  that  this  would  be  the  result. 

It  is  evident  that  in  this  way  two  fi-esh  angles  of  slope  would  be 
produced — one  immediately  below  the  water  at  a  leas  inclination 
than  before,  and  the  other  above  the  water  at  a  steeper  one.  But 
the  original  angle  was  that  at  which  the  material  would  stand,  and 
the  steeiKjr  slope  above  the  water  would  therefore  immediately  lx.'giu 
to  crumble  back  until  it  reacquired  the  slope  of  c<iuilibrium,  which, 
OS  the  matter  has  had  time  to  settle  and  become  somewhat  consoh- 
dated,  wonld  nnturally  be  shghtly  steeper  than  before*.  As  soon  as 
the  slope  of  repose  was  reacquired,  the  cmmbling  would  be  checked, 
the  two  slopes  would  have  oeqnirod  a  condition  of  repose ;  and  even 
if  there  were  a  steeper  part  above,  supplying  fresh  matter,  the  impe- 
tus of  fall  would  carry  it  in  most  cases  ovor  the  road,  which  there- 
fore would  not  be  obHterated. 

A  block  is  now  shown  which  fell  a  year  or  two  ago,  and  which, 
fer  from  stopping  on  the  roads,  has  been  driven  by  its  impetus  part 
of  the  way  up  the  opposite  hill, 

Mr.  Darwin  remarks,  as  we  huve  seen,  that  the  shelves  "  contain 
fewer  well-rounded  pebbles  at  the  greater  heights  than  would  be 
expected  on  any  theory  of  their  origin."  If,  however,  my  idea  is 
correct,  the  stones  remaining  on  the  shelves  are  those  which  have 
not  been  much  moved  by  the  w^ter,  and  would  therefore  naturally 
not  show  much  trace  of  wear. 

No  suggestion,  I  think,  has  yet  been  made  to  nccount  for  tho 
uniformity  in  the  breadth  of  the  roads.  This  also  follows,  however, 
as  a  consequence  of  my  theory ;  for  as  the  angle  of  the  roads  neces- 
sarily varies  within  narrow  limits,  and  tbo  depth  to  whioh  the  water 
is  duturbed  in  differont  parts  of  the  valley  does  not  greatly  diffir, 
th«  breadth  of  the  roods,  which  commence  from  the  water-lsvel  and 
reach  down  as  far  as  the  disturbed  water  reaches,  cannot  vary  mudi. 

It  will  be  observed  that,  according  to  Uaccnllooh,  not  only  is  each 
road  pretty  uniform  in  breadth,  but  the  three  diflsrent  ro«da  are  alia 
I  prooMB  would  be  fwilihtsd  b;  ths  abNoee  <jt 
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much  alike.  Now,  if  their  breadth  depended  on  the  supply  of  matter 
from  above,  it  would  depend  on  the  time  during  which  each  was  being 
formed;  or  if  the  supply  were  not  constant,  then  the  variations  in  the 
time  and  in  the  rate  of  supply  must  have  just  counterbalanced  one 
another ;  and  either  of  these  h^jrpotheses  is,  it  must  be  admitted,  very 
improbable.  If,  however,  they  have  been  formed  as  I  have  ventured 
to  suggest,  then  this  uniformity  will  also  be  accounted  for,  because 
the  water  would  tend  to  give  them  a  certain  slope,  reaching  to  the 
depth  afifected  by  waves ;  and  when  these  conditions  were  fulfilled 
the  hill-side  would  be  in  a  state  of  equilibrium,  and  would  remain 
with  little  further  alteration  until,  on  a  sinking  of  the  water,  the 
formation  of  another  shelf  commenced.  In  fact  the  lower  level  of 
the  roads  marks  the  lower  edge  of  the  disturbed  water,  just  as  their 
upper  edge  coincides  with  its  upper  edge.  We  thus  see  why  the 
three  shelves  are  so  similar  in  size,  and  also  why  their  width  is  least 
when  their  inclination  is  greatest. 

We  can  also  now  clearly  see  why  the  lines  "  entirely  disappear 
when  crossing  any  part  which  is  greatly  inclined ;"  and  we  obtain 
an  additional  argument  in  favour  of  the  "  lake-  "  as  against  the 
"  sea-  "  theory.  The  action  of  the  waves  is,  of  course,  most  consi- 
derable at  the  surface ;  and  the  disturbance  gradually  diminishes 
downwards,  until  we  at  length  reach  the  undisturbed  water.  So 
also  the  upper  edge  of  the  roads  is  well  marked,  but  the  lower  side 
passes  almost  insensibly  into  the  general  slope  of  the  hill.  On  Sir 
C.  Lyell's  theory  it  seems  to  me  that  the  reverse  ought  to  have  been 
the  case. 

Mr.  Jamieson,  fall  of  his  idea  that  the  lines  were  '*  continuous 
deltas,"  was  naturally  **  struck  with  the  remarkable  absence  of 
deltas  along  the  two  upper  lines."  "  I  do  not  think,"  he  adds,  "  the 
ahorter  course  of  the  rivulets  sufftcient  to  account  for  this."  Cer- 
tainly not;  the  true  explanation  is,  that  the  matter  brought  by 
tiTulets  during  the  period  of  the  upper  shelves  naturally  went  to 
the  bottom  of  the  valley,  and  forms  tiie  base  of  the  existing  deltas. 
If  the  valley  were  to  be  again  filled  up  to  the  level  of  the  highest 
shelf,  the  deltas  would  not  be  formed  at  that  level,  but  the  matter 
"brought  down  by  the  streams  would  continue  to  be  deposited  almost 
as  at  present.  Only  after  it  had  built  itself  up  to  the  height  of  the 
liigher  shelf  would  the  delta  be  formed  at  that  level. 

It  seems  to  me,  therefore,  that  Mr.  Chambers  was  more  near  the 
truth  than  Dr.  Macculloch,  and  that,  if  we  realize  to  ourselves  that 
the  action  of  the  waves  tended  not  to  cast  up,  but  to  throw  down 
the  materials  which  it  moved,  we  simply  and  easily  explain  all  the 
Tarious  phenomena  presented  by  these  remarkable  roads.  It  is 
hardly  neoeflsaiy  to  add  that  the  same  explanation  is  of  very  wide 
i^pIiMtion. 
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2.  On  the  Geological  features  of  the  Northern  ^jari  of  Formosa, 
and  of  the  adjacent  islands.  By  Cuthbert  Collinowood,  M.B., 
r.L.8. 

(Communicated  by  the  Assistant-Secretary.) 

[Abridged.] 

The  west  coast  of  Formosa  is  generally  very  flat,  consisting  of  low 
alluvial  plains  for  the  most  part,  the  monotony  being  broken  here 
and  there  by  a  hill,  which  forms  an  important  landmark.  Such  is 
the  coral  hill  known  as  Apes'  Hill,  1110  feet,  marking  the  entrance 
to  the  port  of  Takau-con,  on  the  south-west  coast ;  and  such  are  the 
two  prominent  peaks  of  Kwaug-yin  and  Tai-tun  (1720  and  2800  feet 
respectively),  between  which  is  situated  the  harbour  of  Tamsuy,  on 
the  north-west  coast.  Both  of  these  are  treaty  ports.  Besides  these, 
there  is  no  conspicuous  elevation  immediately  upon  the  west  coast. 
This  coast,  in  all  its  middle  portions  at  least,  has  been  placed,  during 
the  present  visit,  by  Commander  Bullock,  of  H.M.S.  **  Serpent,"  12 
miles  further  west  than  appears  on  the  most  recent  charts,  thus  very 
materially  narrowing  the  passage  between  it  and  the  Pescadores, 
known  as  the  Formosa  ChanneL  The  only  place  where  the  hills 
approach  this  coast  is  in  lat.  24°  15',  where  there  is  some  tableland 
which  is  denuded  into  picturesque  valleys  at  right  angles  to  the 
shore.  It  is  well  known,  however,  that  a  considerable  range  of 
mountains  runs  nearly  through  the  island  from  north  to  south,  of 
which  Mount  Morrison  is  the  culminating  point.  These  mountains 
approach  the  east  side  of  this  island,  and  for  the  greater  portion 
of  it  render  it  harbourless  and  inhospitable,  the  steep  sides  of  the 
mountains  running  sheer  down  into  the  sea. 

At  Tamsuy,  in  the  north-east  of  the  island,  the  right  bank  of  the 
river  upon  which  the  town  stands  rises  to  the  height  of  about  100 
feet  or  upwards,  in  an  undulating  manner,  and  is  entirely  composed 
of  alluvial  clay,  containing  a  vast  number  of  boulders  of  stone. 
These  boulders  are  of  the  most  various  sizes,  from  such  as  could  easily 
be  lifted  by  the  hand  to  large  blocks  of  20  feet  in  circumference. 
They  are  also  of  very  varied  forms,  some  being  round  and  smooth, 
and  evidently  more  or  less  rolled,  while  others  are  quite  angular, 
and  have  littie  or  no  appearance  of  having  been  waterworn.  I  ex- 
amined many  of  these  blocks  to  see  if  I  could  discover  any  traces  of 
striation  which  could  be  attributed  to  glacial  action ;  but  although 
I  met  with  suspicious  markings,  I  could  not  satisfy  myself  that  they 
were  due  to  the  action  of  ice.  Moreover  there  is  no  marked  differ- 
ence in  the  various  boulders  as  to  lithological  character ;  but  to  all 
appearance  they  were  all,  with  little  variety,  of  the  ordinary  green- 
stone, though  I  am  not  in  a  position  to  say  whence  they  are 
derived.  Their  presence  and  character,  however,  appeared  to  me  at 
least  remarkable,  and  worthy  of  further  investigation. 

Higher  up  the  river,  which  in  the  main  flows  from  east  to  west, 
the  hills  rise  on  the  north  side  from  an  alluvial  plain,  and  consist  in 
their  lower  portion  of  a  calcareous  grit,  which  crops  out  from  the 
grassy  slopes  in  great  angular  blocks,  having  an  incLuiation  of  15^  to 
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the  north-cast.  Amongst  these  rocks  arc  signs  of  volcanic  action,  in 
the  form  of  jets  of  steam  containing  large  (juantities  of  sulphur,  as 
descrihed  in  another  paper*.  It  is  said  that  similar  sulphur-springs 
are  to  he  met  with  to  the  north  of  this  point,  among  tho«hills  and  at 
Takan-con,  in  the  south.  I  observed,  close  to  the  water's  edge,  beside 
a  lagoon  near  the  harbour,  a  spring  of  water  strongly  impregnated 
with  sulphur,  and  which  taints  the  air  of  the  vicinity  with  a  strong 
odour  of  sulphuretted  hydrogen. 

(>n  the  opposite  (north-east)  side  of  the  island,  sandstone  prevails ; 
and  the  whole  surroundings  of  Kelung  are  of  that  rock,  which  ex- 
tends from  Masou  Peninsula,  north  of  Kelung,  to  Petou  promontory, 
on  the  south  and  cast.  The  section  of  the  coast  between  these  points 
exhibits  inclined  beds  of  red  sandstone,  with  an  average  dip  of  16° 
or  17°  8.E.,  the  weather-worn  outcrops  producing*  an  undulating 
country.  ITie  hills  at  the  back  of  the  town  of  Kelung  are  also  of 
the  same  formation,  and  have  a  similar  dip  and  strike ;  but  at  the 
extreme  eastern  (or  rather  south-cast)  point  of  the  line  of  section 
exposed  (viz.  Petou  promontory),  the  sandstone  beds  become  suddenly 
curved  round  from  the  inclined  to  a  nearly  horizontal  position. 

The  harbour  of  Kelung  is  a  spacious  excavation  or  indentation  of 
these  sandstone  strata,  the  entrance  being  blocked  by  a  low  flat  sand- 
stone island,  10  feet  high,  called  Bush  Island,  on  the  south  side.  Be- 
tween this  and  the  southern  mainland,  is  a  larger  island,  called 
Palm  Island,  which  was  evidently  made  so  by  gradual  wearing  away 
by  the  sea. 

The  harbour  of  Kelung  presents  many  remarkable  and  interesting 
features.  The  town,  situated  at  the  extreme  end  of  it,  and  fullj-  a 
mile  from  Bush  Island,  lies  upon  a  level  plain,  which  gradually  nar- 
rows among  the  hills  behind ;  and  these  hills  are  conspicuously  stra- 
tified with  the  same  character  and  direction  as  those  on  the  coast. 

On  the  further  side  of  this  range  is  a  small  stream,  which  flows  in 
one  direction  downward  to  Kelung,  and  in  the  opposite  direction  be- 
comes the  Tumsuy  river,  which  crosses  the  island  to  the  west,  the 
same  stream  flowing  on  either  side  of  a  ridge  or  anticHnal  axis  in 
opposite  directions. 

The  north  side  of  the  harbour  is  picturesquely  indented,  and 
covered  more  or  less  with  trees ;  but  the  south  side,  where  the 
ascending  strata  are  abruptly  broken  off,  presents  a  beautifol  succes- 
sion of  rounded  knolls,  separated  by  narrow  valleys  or  ravines. 
Several  remarkable  caverns  exist  on  the  north  side. 

The  effects  of  aqueous  action  upon  the  sandstone  rock  are  very  con- 
spicuous in  some  parts  of  Kelung  Harbour.  Near  one  of  the  caves,  and 
immediately  upon  the  verge  of  high  water,  is  a  tall  isolated  sandstone 
rock,  having  the  appearance  of  an  old  ruined  castle,  appropriately 
named  Ruin  Bock.  The  harder  layers  of  sandstone  having  defied 
the  effects  of  the  weather,  and  of  the  spray  which  is  dashed  up  during 
the  north-east  monsoon,  to  which  the  harbour  is  exposed,  the  softer 
portions  have  been  more  or  less  excavated,  leaving  a  mimic  resem- 
blanee  of  the  mined  chambers  of  a  building.  But  the  most  curious  and 

*  Quart.  Joom.  Gkol.  Soc.  toI.  niii.  p.  382. 
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extensive  effects  of  the  direct  action  of  the  sea  ore  at  the  entrance  of 
the  harbour  on  either  eidc.  That  on  the  south  side  (which  I 
visited)  is  the  more  carious,  because  tho  effocts  are  on  a  hiTger 
scale.  Crosstiig  over  tho  narrow  sandstone  platfonn  between  Fahn 
Ishind  and  the  mainland,  which  is  covered  at  high  water,  I  found 
myself  in  on  extraordinary  spot,  where  the  soft  sandstone  rock  had 
been  worn  away  by  the  force  of  the  waves  into  a  variety  of  fantastic 

Immediately  outside  Kelnng  Harbour  rises  an  isolated  steep 
conical  rock,  Kclung  Island,  680  feet  above  the  level  of  the  sea. 
From  its  peculiar  form,  and  from  the  &ct  that  between  it  and 
•the  mainland  there  is  everywhere  30  to  35  fathoms  water,  I 
should  imagine  it  was  some  harder  rock.  There  ore  no  trees 
upon  Kclung  Island,  as  there  are  on  the  sandstone  shores  of  the 
harliour ;  und  on  its  north  side,  about  two  cables'  distance,  rises 
a  smdl  isolated  peak  100  feet  high. 

I  must  not,  however,  quit  tho  subject  of  Keluntt  Harbour  with- 
out expressing  my  opinion  that  the  land  is  slowly  risiag.  Evi- 
dences of  this  arc  to  be  found  on  both  sides  of  the  harbour.  Blocks 
of  worn  and  washed  coral  strew  the  beach  on  the  north  aide,  and 
He  about  confusedly  at  high-water  mark,  in  tho  neighbourhood  of 
Ruin  Rock.  Similar  washed  coral  blocks  lie  on  the  bench,  and 
bcti\een  tide-marks  on  tho  south  side,  namely  on  Folm  Ishmd. 
The  sandstone  platfonn  between  Palm  Island  and  the  mainland, 
which  has  evcrj-  appearance  of  having  been  excavated  by  the  sea 
(which  has  slowly  forced  a  passage  through),  is  now  very  little  below 
liigh-watcr  mark  ;  and  above  the  sea-lcvcl  the  sandstone  rock  bears 
plain  indications  of  having  been  marked  and  worn  by  the  waves  of 
the  sea.  Beyond  the  present  limits  of  the  harbour  Uie  level  plain 
shows  tho  sea  to  have  once  extended  so  far;  and  the  inner  third 
of  tho  harbour  is  so  shallow  as  to  be  a  mere  mud-flat  at  low  water. 

The  entrance  to  Snu-o  Bay  is  protected  (or  jeopardised)  by  a 
reef  (Sau-o  lleef),  which  is  evidently  a  great  trap  dyke  running  out 
nearly  ut  right  angles  to  the  coast.  It  makes  its  appearance  above 
water  two-thirds  of  a  mile  from  the  north  point  of  tho  harbour, 
and  rises  at  once  70  feet  above  low  water.  It  extends  600  yards 
farther  out,  for  the  most  part  only  just  above  water,  t^n-o  Bar  is 
shut  in  by  high  hills,  for  the  moat  part  steep,  and  densely  dottied 
with  forest.  The  formaljon  is  that  of  a  compact  black  slaty  rock, 
having  a  conspicuous  cle«vago  of  varying  direction,  and  being  in 
some  places  perpendicular  to  the  level  of  the  sea.  There  is  no  sand- 
stone here,  though  there  is  abundance  of  sand  open  the  bOBches. 

It  may  not  he  uninteresting,  perhaps,  if  I  put  together  a  flew 
remarks  upon  the  general  geological  features  of  some  islands  lying 
around  the  northern  end  of  Formosa,  which  are  hut  seldom  seen, 
and  some  of  which  have  never  yet  been  described.  Uy  opportu- 
nities of  examining  these  islands  were  very  limited,  and  I  can  only, 
therefore,  pretend  to  give  a  fragmentary  account  of  their  goologinl 
structure ;  still  I  think  any  authentic  infbrmatiaii  of  these  remote 
spots  may  powcse  value  and  interest. 


1867.]  coLLnrewooB — isLAims  nobth  of  fobmosa.  97 

I  will  also  include  in  this  notice  a  few  words  concerning  the 
Pescadores  or  Ponghon  archipelago,  situated  hetween  Formosa  and 
China,  and  between  the  parallels  of  23°  and  24°  N.  This  cluster 
consists  of  twenty-one  inhabited  islands,  besides  several  uninhabited 
rocks  ;  and  the  portion  of  the  group  which  I  had  an  opportunity  of 
seeing  included  Bound  Island^  Three  Island,  Table  and  Tablet 
Islands,  Fisher  Island  and  Ponghou  (the  two  largest  of  the  group), 
and  Obserration  Island.  All  these  are  of  volcanic  origin  and  formed 
of  basalt.  The  characteristic  features  of  basaltic  formation  were 
best  observed  in  Table  and  Tablet  Islands,  the  general  aspect  of 
which  was  striking  and  rather  formal.  Both  these  islands  have 
evidently  derived  their  names  from  their  flat  and  truncated  appear- 
ance. Table  Island  is  a  long  and  narrow  ledge,  two  miles  in  length, 
and  presenting  a  dead-level  surface,  elevated  200  feet  above  the 
sea,  this  flat  table  being  supported  upon  a  row  of  short  basaltic 
columns.  Tablet  Island  is  very  similar  in  character  also;  and 
in  both  of  these  islands  the  ground  slopes  outwards  from  the 
bases  of  the  columns,  forming  a  talus  of  debris  arising  from  their 
disintegration  from  above,  as  is  the  case  at  the  Giant's  Causeway. 
As  we  skirted  the  south  shore  of  the  largo  island  of  Ponghou,  I 
could  also  perceive  basaltic  columns  in  many  plaees,  often  with  a 
sandy  beach  at  their  base ;  and  on  approaching  Pong  Point,  the 
south-west  promontory,  I  observed  the  columns  to  be  broken  off 
upon  the  beach,  forming  distinct  causeways  in  two  places.  The 
columnar  structure  is  everywhere  very  distinct,  and  the  phenomena 
similar  to  those  met  witii  on  the  Antrim  coast,  but  on  a  less 
gigantic  scale. 

None  of  these  islands  are  much  more  elevated  than  Table  Island ; 
and  the  soundings  around  them  vary  between  30  and  50  fathoms. 
They  are  all  more  or  less  flat,  and  entirely  devoid  of  trees  or  even 
shrubs. 

Hai-tan  Island,  to  the  north-east  of  Formosa,  is  really  a  portion 
of  the  coast  of  China.  The  seaward  coast  of  Hai-tan  Islajid  consists 
of  perfectly  bare  rocks,  which  descend  in  smoothly  rounded  sur- 
faces to  the  water's  edge.  The  island  appears  to  be  a  mass  of 
whinstone,  with  nothing  bettor  to  relieve  the  eye  than  sandy 
patches  and  one  or  two  remarkably  conspicuous  hills  of  sand. 

Between  Hai-tan  Island  and  the  mainland  are  numerous  rocky 
islands  of  a  remarkably  bold  outline.  On  two  of  these  I  landed — 
viz.  on  Middle  Island,  on  the  east  side  of  the  strait,  and  Black 
Islet,  on  the  west  side.  Middle  Island  is  formed  of  blocks  of  trap- 
pean  rock  piled  up  promiscuously  and  at  various  elevations  to  about 
80  feet  above  the  sea,  the  upper  part  being  much  disintegrated, 
and  forming  a  coarse  barren  soil,  which  supports  a  few  flowering 
plantB  and  a  scanty  herbage. 

BlAok  lalet,  within  sight  of  the  last,  is  a  mass  of  granite, 
broken  up  and  mneh  di^tegrated,  all  the  upper  surface  being  a 
•oil  of  eoftne  quarts  sand. 

Immediately  to  the  north  of  Formosa  is  a  group  of  three  islands. 


aemateiy  t 
PinDftdOy 


called  PinnftdOy  Craig,  and  Agincourt  Island  respectively.      The 
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first  of  these,  Pinnncle  Island,  is   a  perfectly  bare,  craggy  rocli, 

with  a  pinnncle  at  cither  end.  The  rock  was  whitened  with  the 
dung  of  Bca -birds ;  and  as  wc  conid  not  knd,  I  was  unable  to  deter- 
mine with  certainty  its  mineralogical  composition. 

The  other  two  I  had  better  opportunities  of  observing.  The 
whole  of  Crai^  Island  is  a  masa  of  tracbytic  lava  broken  up  intn 
BTnallish  rough  masses,  oven  to  the  rcry  sammit.  These  blocks, 
upon  the  seashore,  arc  very  large,  and  piled  up  in  picturesque  confu- 
sion. On  the  eastern  side  is  a  series  of  pinnacles,  or  at<faillfg,  form- 
ing natural  arches.  They  appear  to  be  portions  of  a  trap-dykr 
running  out  into  the  sea. 

Tho  third  island  of  this  group  is  Agincourt  Island,  the  appcaraniv 
of  which  is  very  remarkable  £rom  the  namerous  caves  in  its  sides 
visible  at  a  considerable  distance ;  and  its  structure  is  on  a  near 
inspection  easily  dificemible.  The  island  is  a  rounded  bill  of  sand- 
stone with  several  smoothly  worn  eminences,  but  traversed  by  an 
enormous  dyke  of  trappoan  rock.  This  dyke,  seen  beet  on  the 
north  side,  is  broad  and  nearly  level,  terminating  in  an  abrupt 
precipice  on  tho  left,  and  gently  sloping  to  the  sea  on  tho  right 
hand.  It  cuts  off  a  small  portion  of  the  sandstone  rock  from 
the  main  mass ;  and  in  this  portion  are  two  conspicuous  caves. 
There  arc  no  less  than  six  caverns  in  this  island,  nor  arc  they  all 
confined  to  the  soft  sandstone  -,  two  of  them  arc  in  sandstone  on 
tho  north  side,  and  two  in  the  sandstone  of  the  south  side.  In  all 
these  the  arches  were  broad  and  sweeping.  Tho  other  two  cavems 
were  situated  in  the  face  of  the  trap-cliff  of  the  eastern  side  of  the 
island  ;  and  those  were  lofty  and  irregular  in  form,  and  quite  dis- 
tinct in  chomoter  from  the  rest. 

Beyond  these,  seventy-five  miles  to  the  eastward,  is  another 
group,  consisting  of  Tia-usu,Hoa-pinsau,  and  Pinnacle  Island,  form- 
ing one  group,  of  which  tho  first  named  is  composed  of  trappean 
rocks  with  a  bold  outline  and  rimng  nearly  1200  feet  high ;  and 
Finnade  Island  derives  its  name  from  the  remarkable  forms  which 
the  most  elevated  and  piominent  rocks  assume,  and  which  have  all 
the  aspect  of  buildings,  lighthouses,  fto. 


3.  On  tome  Sovrceb  of  Coal  in  tht  Eabtkbit  HnasPHisx,  Hnmely 
FoBMOSA,  LtBiTAN,  SiBBRiA,  and  Japas.  By  Cuthbert  Collihq- 
wooD,  M.B.,F.L.8. 

{Communiosted  b^  the  Aswrtsnt-Beoretsry.) 
[Abridged.] 
The  Formnsa  ooftl-distriot  is  situated  near  Eelang,  in  tlie  north- 
east comer  of  the  island.  The  mines  are  a  little  more  thaa  a 
nule  to  the  eastward  of  the  town,  upon  tlie  hills  bordering  on 
Qnar-se-kan  Bay.  I  approached  them  in  a  small  boat  up  a  muddy 
eteek.  On  leaving  the  boat,  we  asoended  a  slight  elevation  poanng 
a  range  of  red  sandstone  UUs,  which  formed  a  aeriM  Motiniioiii 
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with  those  seen  at  the  back  of  the  harbour,  which  dip  on  an  average 
about  16°  or  17°  to  the  south-east.  Indeed  the  whole  country  round 
Eelung  is  of  red  sandstone ;  and  the  weather-worn  outcrops  produce 
the  undulating  country,  in  the  depressions  of  which  the  coal 
appears  to  have  been  deposited.  By  degrees  we  entered  a  blind 
yalley,  or  cut-de-ioc ;  and  descending  from  the  path  into  a  ditch  I 
stood  at  the  entrance  of  the  workings,  which  consisted  of  two  small 
caverns  at  right  angles  to  one  another,  hewn  directly  into  the  coal- 
seam,  which  at  its  outcrop  was  2^  feet  thick.  It  rested  upon  a  thin 
bed  of  stiff  whitish  clay,  and  was  covered  by  a  bank  40  or  50  feet 
high,  composed  of  rubbly  clay.  The  workii^  was  nearly  level,  and 
the  roof  so  low  that  one  could  only  get  along  by  bending  nearly 
double. 

These  mines  appear  to  be  worked  in  a  very  primitive  manner.  No 
shafts  are  sunk,  nor  is  any  machinery  employed;  but  the  coolies 
pick  the  coal,  and  convey  it  out  of  the  working  in  small  baskets. 
It  is  placed  in  boats,  and  conveyed  to  the  harbour,  where  it  is  de- 
posited in  the  coal-stores.  These  stores  have  no  covering,  nor  any 
protection  from  the  weather,  and  the  coal  is  apt  to  deteriorate  if 
kept  there  long.  The  mines  are  exclusively  worked  by  the  Chinese 
authorities,  and  by  Chinese  coolies. 

The  position  of  this  coal-bed  proves  that  it  is  of  comparatively 
recent  formation.  It  lies  apparently  over  the  sandstone.  I  may 
also  mention  that  about  the  middle  of  this  portion  of  the  island,  near 
the  town  of  Sikkow,  I  observed  a  thin  seam  of  indifferent  coal,  crop- 
ping out  in  the  river's  bank,  over  which  was  a  bed  of  stiff  clay, 
abounding  in  large  oyster-shells,  seven  or  eight  inches  long,  of  a 
species  (probably  the  recent  Ostrea  Canadensis)  which  I  have  seen 
brought  to  Canton  in  vast  numbers  for  the  purposes  of  lime-making. 

The  Kelung  coal  is  of  very  light  weight,  it  bums  very  rapidly, 
and  it  gives  out  a  very  great  heat,  so  much  so  that  it  readily  sets 
the  funnel  on  fire.  It  is  extremely  dirty ;  and  the  combustion  is  so 
imperfect  that  a  vast  number  of  blacks,  of  a  soft  and  soiling  charac- 
ter, fall  all  over  the  ship.  The  flues  also  rapidly  get  very  foul,  re- 
quiring frequent  attention  and  cleansing.  It  leaves  no  less  than  50 
per  cent,  of  ash ;  so  that  although  it  appears  so  cheap,  it  is  not  really 
more  so  than  otJier  coal,  which  has  more  substance  and  less  waste. 

There  are  some  interesting  points  of  resemblance  between  the 
coal-field  at  Kelung  and  that  which  is  being  worked  by  English 
enterprise,  and  in  a  much  more  business-like  manner,  at  ^e  British 
island  of  Labuan,  off  the  west  coast  of  Borneo,  which  I  have  since 
visited.  The  Labuan  coal-field  is  situated  in  a  dense  jungle,  from 
which  it  crops  out  so  conspicuously,  not  far  from  the  sea,  that 
there  is  no  wonder  that  it  attracted  attention.  The  coal-district  is 
oompoted  for  the  most  part  of  a  soft  yellow  sandstone,  which  dips 
89*  north  by  east;  and  &e  coal  exists  in  several  seams,  of  which  the 
lowett  is  11  feet  4  inches  thick,  though  the  quality  of  this  seam  is 
\ff  DO  means  the  best.  The  coal-roof  is  a  stiff  blue  clay  (not  fire- 
cisy);  and  alternating  with  the  seams  are  beds  of  shale.  The 
h]pMi(lfo.  1)  seam  is  4flBet  6  inches  in  thickness ;  No.  2  is  2  feet 
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9  inches ;  No.  3,  3  feot  9  inches;  and  No.  4,  11  fcot  4  inches. 
Above  No.  4  is  8  fathoms  of  grey  shale,  in  which  fossil  shells  arc 
occasioiD^r  found;  but  I  had  great  difficulty  in  procuring  any  fossils  ; 
none  appear  to  have  been  kept.  I  succeeded  in  getting  two  bivalves 
from  this  grey  ithalo, 

There  are  two  Bhafta  at  present  conBtructed- — one  (the  shnllow 
pit)  entering  the  No.  1  scam,  and  the  other  45  fathonis  deep  ;  but  n 
third  is  being  dug,  which  will  roach  the  depth  of  100  futhoms ;  and 
there  are  besides  botch  or  eight  level  workings. 

It  is  very  difflcnlt  to  get  labour  sufficient  to  develop  the  resources 
of  the  minca  ;  and  although  600  men  ore  on  the  book &— Chinese. 
Maluya,  Klings,  &c.,  with  European  departmental  Bupcrintendciits, 
only  aOO  arc  lit  work  at  a  time.  Eighty  tous  per  tlian  -arc  produced, 
and  conveyed  down  a  tramway,  less  than  a  mUe  long,  to  the  coaling- 
pior;  but  with  more  labour,  I  was  assnrod  by  the  manager  tliot 
they  could  easily  produce  200  tons  per  diem. 

The  quality  of  the  Labuan  coal  is  superior  to  that  of  Kclung.  It 
is  a  heavier,  close-grained,  and  tolerably  clean  coal,  very  free  from 
sulphur,  and  forms  but  little  clinker,  in  this  respect  having  a  eon- 
SJMCU0U9  advantage.  It  bums,  however,  very  fast,  and  gives  out  a 
oonsidciiible  boat,  so  much  so  that  it  is  necessary  to  be  careful  that 
the  rod-hot  dues  are  protected  und  watched,  while  the  flames  issuing 
from  the  funnel  extend  somctimea  six  or  eight  feet  and  endanger 
the  rigging.  In  burning  it  prodaces  a  large  quantity  of  soot  and 
of  imperfectly  consumed  fragments,  which  cover  the  ship,  rendering 
erorything  filthy  and  dirty.     Still  it  ia  bettor  than  Kelung  coal. 

Tho  quahty  and  geological  rolationa  of  the  Labuan  coal  aeem  to 
point  out  that  it,  hke  tho  Eelung  coal,  ia  a  recent  formation — in 
fact,  a  lignite.  In  the  stiff  clay  roof  of  certain  of  tho  seams,  ICr. 
Low,  of  Labuan,  assures  mo  that  he  has  found  many  impressions  of 
leaves,  in  very  perfect  preservation,  identical  with  tiioao  of  trees  at 
the  present  moment  growing  in  the  jungle.  In  the  coal  there  aro 
very  frequently  found  tears  of  pure  Dammar  resin ;  and  tho  Dammar 
.^  pine  is  eUU  a  common  tree.  This  resin  has  also  a  remarkaUe  teu- 
dency  to  occur  in  veins ;  and  Mr.  Sinclair,  tho  manager,  informed  mo 
that  on  one  occasion  a  moas  of  pure  Dammar,  6  lbs.  in  w^^t,  vas 
discovered. 

Both  at  Kelung  (Formosa)  and  at  Labuan  petroleum  is  found  in 
tho  immediate  vicinity  of  the  eoal- districts.  In  Eelung,  or  near, 
there  are  sources  of  petroleum  which  have  not  yet  been  worked. 
The  Chinese  have  an  idea  that  some  parts  of  Formosa  are  rii^  in 
gold ;  and  undoubtedly  gold  has  been  foiind  there. 

In  Labuan,  a  petroleum  spring  exists,  not  &r  from  the  mines,  in 
a  "  nullah  "  or  deep  ravine  in  the  jungle.  A  pathway  throngb  the 
forest  has  been  cUared  to  thii  spot,  but  up  to  the  present  time  do 
woikings  have  been  nndertaken.  Other  petiuleum  springs  are  also 
known  to  exist  in  the  OMghbooriiood. 

The  BoBsians  possess  good  coal  at  Possiette,  ntnated  on  the  coast 
at  the  southern  point  (tf  Eastern  Siberia,  and  at  Dai,  on  the  island  of 
Sa^ulian,  at  the  head  of  Castrisi  Bsy.    The  latter  is  a  eeanet  set- 
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tlement ;  and  the  coal  is  worked  by  the  convicts,  and  used  by  the 
Russians  solely  for  their  own  men-of-war. 

This  coal  is  small,  but  of  excellent  quality,  and  presents  longitudi- 
nally a  conchoidal  and  transversely  cubic  fracture,  similar  in  cha- 
racter to  Welsh  coal,  and  produces  when  burnt  a  moderately  dense 
dark-brown  smoke.  Mr.  James  GiUies,  chief  engineer  of  H.M.S. 
'  Scylla/  informs  me  that  its  steaming  qualities  are  equal  to  New- 
castle coal,  and  he  believes  that,  owing  to  its  caking-qualities,  it  would 
bum  very  well  mixed  with  any  small  Welsh  coal  which  would  be  too 
small  to  bum  by  itself.  It  cakes  readily  after  having  been  in  the 
fdmace  for  a  few  minutes,  and  on  being  lifted  with  the  poker  it 
breaks  up  into  large  pieces  of  coke  which  throw  out  an  intense 
heat.  It  bums  very  quickly,  and  if  under  easy  steam  leaves  very 
little  ash.     Amount  of  ash,  cinder,  and  soot  in  Dui  coal  20  percent. 

The  Possiette  coal  presents  a  vitreous  fracture,  more  resembling 
that  of  English  cannel  coal.  It  is  very  bituminous,  and  bums 
quickly.  But  though  it  is  of  fair  quality,  it  leaves  a  large  residue 
of  whitish-brown  ash,  with  a  moderate  quantity  of  clinker.  The 
deposit  of  soot  in  the  tubes  is  very  much  greater  than  is  produced 
by  Newcastle  coal — ash,  clinker,  and  soot  together  amounting  to  from 
24  to  28  per  cent.  Mr.  Gillies,  however,  tells  me  that,  owing  to  the 
small  quantity  of  this  coal  which  he  took  on  board,  and  to  its  having 
been  partially  mixed  with  Welsh  coal,  the  percentage  of  ash  can 
only  be  regarded  as  an  approximation.  The  Dui  coal  appears  to  be 
a  lignite. 

Japan  also  produces  several  kinds  of  coal,  concerning  which  very 
little  is  known.  Owing  to  the  small  quantities  produced,  the  Dai- 
mios  will  not  let  them  be  sold  for  public  use ;  and  it  is  therefore 
difficult  to  test  their  qualities.  Opportunities  of  examination  have, 
however,  been  made  use  of  by  the  engineers  in  H.M.  navy ;  and  the 
following  results  have  been  obtained  by  Mr.  John  Eice,  chief -engi- 
neer. Royal  Navy.  There  are  five  distinct  kinds,  known  under  the 
names  of  Gorio,  Hirado,  Korkora,  Emakbodkh,  and  Korgah,  which 
appear  to  possess  good  qualities, — and  several  others,  respectively 
designated  Miki,  Omura,  Yanagana,  Ani,  Suki,  Karats,  Cho-fu,  and 
Ch6-aiu,  most  of  which  are  very  inferior,  forming  an  immense  quan- 
tity of  clinker,  and  imfit  for  steaming-purposes,  though  they  are  no 
doubt  valuable  for  domestic  uses. 

Korkora  coal  is  of  two  qualities — one  an  inferior  dirty  brown 
substance,  showing  thin  red  layers  when  broken,  and,  like  all  those 
just  referred  to,  conchoidal  in  fracture.  The  better  kind  of  Eorkora 
is  bright,  clean,  and  hard,  liable  to  form  clinker,  so  that  it  has  been 
found  desirable  to  increase  the  apertures  between  the  fire-bars  in 
the  ordinary  tubular  boilers ;  it  resembles  Sydney  coal  in  appear- 
ance, and  appears  to  have  a  waste,  consisting  of  ash,  soot,  and 
clinker,  amounting  to  30  per  cent. 

Koigah  coal,  very  recentiy  brought  to  Nagasaki,  is  very  similar 
to  it  in  appearance  and  quality. 

Emakbodkh  coal  shows  also  clayey  layers,  and  conchoidal  lami- 
nations of  a  white  calcareous  substance,  either  carbonate   or  sul- 
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phate  of  lime.  This  acaly  appenrnncc  is  charactcriBtip.  It  buma 
well,  thoogti  witti  much  amoke ;  but  the  clinker  is  lighter  aud  better 
burnt  than  in  some  species. 

Eirado  coal  is  either  hard  or  soft.  The  Boft  kind  cannot  be  used 
for  steaming,  because  it  becomes  reduced  to  powder  hj  being  shaken 
up  in  the  bimkcrs ;  otherwise  it  is  a  good  coal.  Of  the  harder  coal 
there  are  two  varieties  :■ — one  abounding  in  earthy  matter  and  silica, 
tiie  clinker  of  which  is  covered  with  a  vitreous  glaze ;  and  a  second 
and  better  kind,  resembling  Welsh  coal,  being  bright  in  appearance, 
and  containing  about  72  per  cent,  of  carbon.  The  fracture  is  cubi- 
cal.  The  percentage  of  waste  is  considerable,  amounting  to  32 ;  and 
the  coDBUmptioa  would  be  equal  to  about  j  more  than  the  best 
Welsh  eoal,  with  which,  however,  it  might  m  vei^-  advantageously 

The  best  of  these  Japanese  coals  is  that  known  as  Gorio.  It  is 
a  clean,  hard,  cubical  coal,  resembling  Webh  in  appearance,  and 
containing  73  per  cent,  of  carbon.  But  small  quantities,  however, 
have  been  brought  to  Nagasaki;  and  it  has  unfortunately  happened 
that,  in  con8C(|iience  of  the  heavy  rains,  the  Gorio  mine  has  fallen 
in,  and  some  time  must  elapse  before  the  old  workings  can  be  again 
made  use  of. 

I  must  not  conclude  these  remarks  without  reference  to  a  remark- 
able coal  which  has  been  brought  in  small  qoantitieB  from  Ivanai, 
in  the  north  part  of  Kipon,  where  there  appears  to  bo  a  large 
mine  of  it.  The  Daimio  to  whom  this  coal  belongs  is  not  friendly 
to  foreigners,  and  therefore  the  coal  isdifSoult  to  be  procured.  This 
eoal  is  worked  by  the  Japanese.  It  b  a  very  clean,  highly  bttami- 
ngns  CMd,  and  will  bnm  with  flame  in  the  light  of  a  candle.  It 
appears,  like  the  rest,  to  bo  a  lignite  *. 

■  [Tlte  paper  w 
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COHTEHTS. 


I.  Introdootion. 

H.  Description  of   the  Longitudinal 

Section. 
III.  Descriptions  of  the  TransTerse 

Sections. 


lY.  Characters  of  the  Chalk,  GraTel, 
and  Loess. 

1.  The  Chalk. 

2.  The  Qravel  and  Loess, 
y.  Conclusion. 


I.  Introduction. 

The  exact  position,  character,  and  equivalents  of  the  Quaternary 
deposits  of  tiie  valley  of  the  Somme  have  been  frequently  discussed. 
On  the  authority  of  certain  sections  and  plans  of  Amiens  and  Abbe- 
ville, the  correctness  of  which  will  be  examined  hereafter,  theoretical 
views  concerning  the  relative  ages  of  different  parts  of  the  gravel 
and  of  different  parts  of  the  valley  of  the  Somme  have  been  promul- 
gated by  Mr.  Prcstwich,  and  repeated  by  Sir  C.  LyeU  and  others. 

These  geologists  have  asserted : — 

First,  that  there  were  two  valley-gavels  of  distinct  age  at  Amiens 
and  Abbeville,  one  named  by  them  the  upper  and  the  ot^er  the  lower 
valley-gravel ; 

Secondly,  that  the  upper  gravel  was  the  older  of  the  two ;  and 

Thirdly,  that  the  valley  of  the  Somme  was  excavated  to  a  depth  of 
40  or  50  feet  since  the  deposition  of  the  upper  valley-gravel,  and 
previously  to  the  deposition  of  the  lower  valley-gravel ; 

Fourthly,  that  both  gravels  were  fossiliferous,  and  contained  the 
remains  of  man,  or  rather  human  implements,  and  bones  of  extinct 
mammalia,  the  lower  gravels  having  the  greater  number  of  spedos 
of  moUuBca,  the  higher  gravels  containing  the  greater  number  of 
flint  implements; 

*  For  the  Proceedings  at  this  Meeting  see  p.  1. 
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Fifthly ,  that  the  height  of  70  feot,  at  which  fossilifcrous  graTela  now 
stand  above  tho  Wd  of  the  Somiac,  is  much  beyond  tho  limit  of 
floods,  and  therefore  that  these  f^uvels  could  only  have  bt'cn  di'po- 
aited  at  St.  Acheul  before  tho  river- channel  was  cut  down  to  its  pre- 
sent level. 

Tho  general  effect  of  those  assertions  was  to  refer  the  rcmainx  of 
man  found  in  Bt.  Acheul  back  to  an  indefinite  date,  scpaniti^'d  from 
the  historical  period  by  an  interval  during  which  Talleys  werc  ex- 
cavated or  deepened  40  or  50  feet. 

In  a  paper  read  before  this  Society  in  April  18fi6*,  I  suf^stod 
that  there  was  evidence  of  very  litUc  wouthcring  or  atmospheric 
action  since  the  date  of  the  drift  containing  liumun  rcniuiiiH,  and  tliiit 
the  ago  of  these  depoaits  van  close  to  tho  Historical  period, — also 
that  tiio  upper  and  lower  valley-gravclB  in  the  Somme  were  con- 
tinnoufl  n:id  of  one  period. 

I  afterwards  read,  in  June  1S66,  a  etatcmeut  of  what  I  believed  to 
be  tho  eorrcct  interpretation  of  the  Amiens  and  Abbeville  seetiuns. 
reasserting  the  conUnuity  of  the  gravel-deposits  on  gradual  slo]H.'a 
from  the  higher  to  the  lower  levela  in  the  Viilley,  exeept  in  riire  cases 
or  iflolated  apuls,  where  tho  continnity  was  interruptcil  or  prevented 
by  Home  iip-stnuding  pictc  of  tho  original  rock  out  of  which  tho  valley 
had  been  cut,  lu  which  cose  the  gravel  wraps  round  the  base  of  the 
upstanding  knoll  of  chalk.  I  <iuoted  the  section  at  Uontiers  as  one 
that  shows  a  direct  sequence  of  gravel  from  above  the  railway  to  the 
Somme,  notwithstanding  the  vereion  of  that  locality  published  by 
Air.  Frestwieh,  in  which  chalk  is  ro^urcsented  in  a  position  where  I 
could  only  find  gravel. 

At  tho  same  timo  attention  was  drawn  by  tne  to  the  probability 
of  the  brick-earth  terrace  sloping  down  to  the  Lea  Marshes  at  Clap- 
ton being  of  tho  same  ago  as  the  similarly  formed  Loess  terrace 
sloping  down  to  the  Somme  at  Amiens,  I  also  asserted  that  there 
was  good  evidence  in  tho  diiootion  and  gradient  of  the  terrace,  in  tho 
configuration  of  tho  gravel  and  brick-earth  and  of  the  London-clay 
surface  at  Clapton,  of  the  water  having  occupied  tho  whole  valley  ot 
the  Lea  at  the  time  of  the  formation  of  this  Clapton  terrace,  and 
also  of  the  water  of  the  river  Lea  or  other  riveia  having  reached  very 
much  higher  leveb  in  the  vicinity  at  that  period,  while  the  Stoke- 
Newington  and  Highbury  graveb  and  brick-earth  were  being  depo- 
sited. 

I  still  hold  these  opinions,  and  am  pr^Mircd  to  demonstrate 
th«r  troth  ;  and  I  ask  Uic  attention  of  the  Society  to  a  restatement 
of  the  exact  geological  filets  to  bo  seen  in  the  Bomme  valley,  and  to 
evidence  quite  independent  of  that  which  has  been  previously  sub- 
mitted to  tho  Bocie^,  althongfa  to  a  certain  extent  going  over  the 
same  ground. 

The  condnsiona  ^t  I  arrive  at  are  extremely  disnmilar  to  those 
of  Ur.  FroBtwich  and  Sir  C.  Lyell,  and  are  aa  follows : — 

First,  that  the  snrface  of  the  chalk  in  the  valley  of  the  Sommo 

hod  oBBumed  its  present  form  prior  to  the  dopoaitian  of  any  of  the 

*  Quart.  Journ.  Gn>l.  Boc.  vol.  ixii.  p.  4S9. 
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graTel  or  loess  now  to  be  seen  there,  and  in  this  respect  corresponded 
with  all  other  valleys  in  which  Quaternary  deposits  of  this  character 
are  met  with. 

Second,  that  the  whole  of  the  Amiens- vaUey  gravel  is  of  one  for- 
mation and  of  similar  mineral  character,  and  contains  nearly  similar 
organic  contents,  the  La  Neuvillo,  Men  tiers,  and  St.-Acheul  gravels 
being  of  the  same  age,  and  capped  with  a  covering  of  loess  also  of 
one  age  and  mineral  character,  the  whole  deposit  being  of  a  date 
not  much  antecedent  to  the  Historical  period. 

Third,  that  the  gravel  in  the  valley  of  the  Somme  at  Amiens  is 
partly  derived  from  debris  brought  down  by  the  River  Sommc  and  by 
the  two  rivers  the  Celle  and  the  Arve,  and  partly  consists  of  material 
from  the  adjoining  higher  grounds,  washed  in  by  land-Hoods, — the 
immense  quantity  of  chalk  present  in  the  gravel  having  been  derived 
from  the  latter  source.  It  is  where  the  surface  of  the  chalk  is  concave 
that  the  gravel  is  thickest. 

Fourth,  that  the  quaternary  gravels  of  the  Somme  are  not  sepa- 
rated into  two  divisions  by  an  escarpment  of  chalk  parallel  to  the 
river  as  has  been  stated.  They  would  have  formed  an  exception 
to  other  river-gravels  if  this  had  been  the  case.  The  St.-Acheul 
gravels  thin  out  gradually  as  they  slope  from  the  high  land  down 
to  the  Somme,  and  they  pass  away  into  the  Loess  formation, — and 
80  also  at  Montiers. 

The  Loess  deposit,  on  the  contrary,  forms  a  distinct  escarpment  for 
many  miles  along  the  Somme ;  and  this,  I  believe,  is  the  bank  of 
the  ancient  river  whose  floods  produced  the  St.-Acheul  and  Montiers 
gravels. 

Fifth,  that  the  existence  of  river-floods,  extending  to  a  height  of 
at  least  eighty  feet  above  the  present  level  of  the  Somme,  is  perfectly 
proved  by  the  gradual  slope  and  continuity  of  the  gravels  deposited 
by  those  floods  upon  the  sloping  sides  of  the  valley  towards  the 
Somme,  and  also  by  the  Loess  or  warp,  of  similar  mineral  composi- 
tion and  colour,  extending  continuously  over  the  whole  series  of 
gravels,  and  finishing  with  a  well-defined  bank  near  the  present 
stream. 

Beds  of  gravel,  brick-earth,  and  loess,  having  an  even  sipping  sur- 
face from  the  escarpment  of  the  sides  of  the  valley  down  to  the  terrace 
near  the  river-bank,  are  often  to  be  observed  near  other  rivers  whoso 
channels  bear  the  same  proportion  to  their  vaUeys  that  the  Somme 
river  bears  to  its  valley,  and  where  gravel-  and  loess- deposits  reach 
to  a  height  of  100  feet  above  the  present  river-levels. 

Sixth,  that  many  of  the  Quaternary  deposits  in  all  countries^ 
clearly  posterior  to  the  formation  of  the  valleys  in  which  they  lie, 
are  of  such  great  dimensions  and  elevation  that  they  must  have  been 
formed  under  physical  conditions  very  diflerent  from  our  own.  They 
indicate  a  Pluvial  period,  just  as  clearly  as  the  northern  drift  indicates 
a  Glacial  period.  This  Fluvial  period  must  have  immediately  pre- 
ceded the  true  Historical  period. 

Bince  June  1866  I  have  visited  Amiens  several  times,  and  com- 
pared the  gravels  as  accurately  as  I  could,  both  as  to  situation  and 
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character,  with  those  of  other  riycre,  of  which  I  have  had  aurveya 
made ;  and  I  hoped  to  have  brought  the  whole  9'i*0<^''t  of  vaUey-gravelB 
before  the  Society  in  the  early  part  of  1868.  The  announccmetit  of 
the  intended  absence  from  England  of  IXr.  Preatwich  has  induced  me 
to  doBcribe  the  Amiens  graTcls  first,  in  order  to  have  the  advantage 
of  his  presence  at  the  meeting,  roecrving  my  account  of  other  river- 
gravels  and  genera]  comparison  to  a  ^ture  paper. 

The  plan  and  sections  of  the  Quaternary  deposits  at  Amiens  iUns- 
trating  this  paper  will,  1  hope,  make  the  actual  geographical  and 
geological  positions  of  the  Amiens  beds  qnite  clear. 

It  should  be  mentioned  that,  in  August  1866,  after  examining  the 
levols  myself,  I  CEilled  at  the  railway  ofSce  at  Amiens  to  obtain  the 
precise  height  of  the  different  points  on  the  railway  above  the  sea, 
and  to  get  the  name  of  a  competent  surveyor,  and  was  referred  to 
the  chief  engineer,  St.  GuiUom.  That  gentleman  only  saw  me  for  a 
few  minutes,  but  kindly  promised  that  if  all  the  points  on  which 
I  required  information  were  laid  do«ni  on  a  plan,  he  would  have  the 
sections  carefully  taken  for  me  in  a  few  weeks.  This  plan  was  ac- 
cordingly sent  to  him  by  mo  a  few  days  afterwai'ds,  with  the  lines 
marked  on  which  I  wished  the  levels. 

The  work  was  more  tedious  than  was  expected  by  M.  GniUom, 
and  he  did  not  send  me  the  measured  sections  until  Uay  1867.  Tbo 
levels  of  these  sections  have  been  taken  with  the  greatest  care,  and, 
I  believe,  are  as  precise  as  any  that  have  been  taken  for  geological 
purposes ;  and  I  am  therefore  indebted  to  Sf.  GuiUom  for  the  means 
of  drawing  an  exact  picture  of  the  surfaco  of  the  chalk  prior,  as  I 
believe,  to  the  deposition  of  any  of  the  valley-gravel  or  loess  at 
Amiens.  The  value  of  this  communication  therefore  much  depends 
on  M.  Guillom's  survoy. 

The  heights  on  the  maps  and  sections  are  in  English  feet,  the  datum 
line  being  mean  tide  at  Havre.  The  scale  of  the  plan  (Plate  III.)  is 
3^  inchoe  to  a  mile.  The  vertical  scale  in  Plate  IV.  is  i  inch  to 
65  feet,  and  is  three  times  iho  horizontal  scale.  The  dotted  lines  on 
the  plan  show  the  position  of  five  sections,  I  K,  R  S,  L  M,  N  0  P, 
N  Q,  nearly  at  right  angles  to  the  river,  some  of  them  extwiding 
to  a  height  of  200  feet  above  the  soa.  Hie  line  A  D  is  along  the 
Imperial  Koad.     See  FUtos  III.  and  IV. 

U.  DBBCRtmoH  or  the  Lokqitudihal  Sbchoit. 

There  is  also  a  longitndinal  socdon,  divided  into  three  parts  on  ac- 
count of  the  public  buildings  at  St.  Acheul  merenting  oontinuout 
levels  being  token.  The  divisions  are  C  D,  E  F,  and  0  H ;  hut  it 
will  be  treated  sometimes  in  this  paper  as  one  section,  C  H.  Bee 
Plato  IV.  figs.  3,  4,  and  5. 

It  passes  through  tJie  celohrated  pita  of  Bt.  Aoheol,  and  is  bounded 
by  the  River  Arve,  a  tributary  of  the  Bcnnmo,  at  ita  eastern  point,  C, 
and  by  the  escarpment  of  chalk  in  the  Rue  de  Cagny  (7()0  yards 
west  of  the  railway-etatioo,  Amiens)  at  ita  western  extromity, 
point  H. 
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C  H  Ib  near  the  Imperial  Eoad,  and  is  parallel  to  that  road^  to 
the  railway,  and  to  the  Eiver  Somrne. 

Section  G  H.—The  length  of  G  H  is  1400  feet.  See  Plate  IV.  fig.  5. 
The  highest  point  is  157  feet  above  the  sea,  79  feet  above  the  Kiver 
Arve,  3  feet  over  the  highest  part  of  the  Impciial  road,  61  feet 
above  the  rails,  and  84  feet  above  the  Eiver  Somme  at  Neuville. 
The  gradient,  commencing  at  point  H,  129  feet  above  the  sea.  Rue 
de  Cagny,  rises  to  the  east  1  in  30,  then  1  in  33,  1  in  35,  1  in  61, 
and  1  in  100,  reaching  the  well-known  section  of  St.-Acheul  Pit, 
with  Roman  graves,  fossiliferous  sand,  and  wavy  marls,  at  a  height 
of  152|  feet  above  the  sea.     A  portion  of  this  is  shown  in  Plate  IV. 

The  loess  in  this  section  is  four  feet  at  the  highest  and  most  east- 
erly point,  G,  gradually  thinning  to  the  west,  and  ceasing  when  it 
reaches  H. 

The  gravel  is  sixteen  feet  thick  at  its  most  easterly  point,  G,  thin- 
ning out  as  it  passes  to  the  west  a  little  before  the  loess  disappears. 
The  surface  of  the  chalk  is  133  feet  above  the  sea  at  G,  and  128 
feet  at  H.     The  surface  falls  1  in  280  to  the  west. 

Section  E  F. — ^The  surface  gradient  commences  at  F,  at  a  height 
of  156  feet  above  the  sea,  and  it  passes  the  Cemetery  Road  on  the 
level,  and  rises  at  a  gradient  to  the  east  of  only  1  in  700,  then  falls 
to  the  east  at  1  in  165  and  1  in  701,  reaching  the  point  E  at  a 
height  of  164  feet  above  the  sea  (Plate  IV.  fig.  4), 

^e  loess  is  4  feet  at  F,  thickening  to  5  feet  at  the  summit-level 
of  the  whole  section  C  H,  and  then  thinning  out  to  4  feet  at  £.  The 
r^ularity  of  the  loess  is  a  very  important  fact. 

The  gravel  is  17  feet  thick  at  F,  and  15  feet  at  E.  The  surface  of 
the  chsdk  is  133  feet  above  the  sea  at  both  E  and  F,  showing  a 
perfectly  horizontal  line,  while  there  is  only  a  variation  in  the  level 
of  the  surface-loess  of  3  feet  in  this  section,  which  is  1586  feet 
long. 

Section  CjD  (Plate  IV.  fig.  3). — Section  C  D  commences  at  D  with 
an  elevation  of  15S|  feet  above  the  sea ;  and  the  gradient  falls  east 
at  1  in  157,  then  rises  to  the  east  1  in  80,  then  falls  to  the  east  1  in 
40  and  1  in  300.  Here  the  tramway  (Plate  IV.  fig.  1)  crosses  the 
Imperial  Road,  and  some  very  extensive  gravel-pits  are  now  being 
worked  for  ballast. 

The  gradient  continues  falling  east  1  in  88,  1  in  180,  1  in  160, 
1  in  41,  1  in  33,  and  rising  1  in  200  to  the  east,  where  it  reaches 
the  escarpment  at  a  height  of  142|  feet  above  the  sea.  The  loess  is 
here  5  feet  thick,  and  the  gravel  2  feet,  according  to  M.  GuiUom's 
survey ;  but  I  found  only  two  or  three  feet  where  I  observed  it  The 
loess  18  5  feet  thick  near  the  tramway,  and  4  feet  at  the  point  D. 
The  gravel  is  13  feet  thick  at  D,  and  10  feet  thick  at  the  tramway, 
thinning  out  as  it  approaches  the  escarpment  on  the  east,  as  it  did 
on  the  west.  The  surface  of  chalk  is  horizontal  throughout  this  sec- 
tion also  up  to  the  escarpment. 

At  the  escarpment  the  chalk  falls  to  the  east  52|{  feet  in  a  distance 
of  106,  or  at  an  angle  of  45°  and  gradient  of  1  in  2  nearly.     The  line 
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of  alopo  of  this  escorpmeDt  ie  remarkably  etraighl  in  many  placcu, 
and  quite  free  from  gravel  or  loeea.  Then  thcro  followe  a  flat  ter- 
race of  loesB,  60  feet  wide,  then  a  elopo  towards  the  river,  of  1  in 
30,  and  then  1  in  4,  unlil  we  reach  tho  marsh  at  a  height  of  76^ 
fcot  above  the  sea. 

III.  Dbbcbiptioitb  of  th>  TaAnsvBRSi;  Sectioxs. 

Sec(Mn/i:(Plat©IV.  fig.  6). — This  section  commonces  at  the  lluo 
de  Cagny,  point  I,  at  a  height  of  200  feet  above  the  sea,  and  falls  to 
tho  liver  and  tho  north  at  a  gradient  of  1  in  32,  1  in  28,  1  in  22,  1 
in  18,  1  in  54.  It  then  rises  to  the  north  at  1  in  102,  and  crosses 
the  tramway  ballast-pit  at  a  level  of  153J  feet  above  the  sea, 
and  the  Imperial  Kood  at  a  height  of  153  feet  above  the  sea ;  it 
tiicn  rises  to  tho  north  at  a  gradient  of  1  in  20,  reaching  156 
foot  abovo  the  soa,  thon  falls  towards  tho  river  at  1  in  42,  1  in 
100,  rises  1  in  87,  fulls  1  in  07,  1  in  65,  1  in  50,  until  it  reaches 
tiie  railway- cutting,  at  a  height  of  138  feet  above  tlic  sea.  The 
cutting  happeas  to  be  in  the  escarpment  of  the  ancient  chalk  valley, 
in  which  tlio  valley -gravel  has  been  deposited;  and  the  aurfuce  of  the 
gravel  follows  the  contour  of  the  ground,  and  falls  at  a  grodioDt  of 
1  in  8,  and  then  1  in  7,  declining  47  feet  in  a  distance  of  360  foct 
The  surface  then  falls  more  gently  to  the  river  at  I  in  36,  1  in  34, 
until  it  roaches  the  ISomme. 

At  the  Point  I  in  the  Rao  de  Cagny  the  loess  is  3  feet  thick,  and 
near  the  Imperial  Itoad  it  is  8  feet  thick ;  at  one  point  it  gradually 
thins  out  towards  the  river  and  railway,  and  at  the  railway- cutting 
the  loees  is  only  2  feet  thick.  I  do  not  know  the  thiekuoss  on  tho 
north  sido  of  the  railway  ;  but  as  the  gravel  thins  out  rapidly,  the 
loess  is  no  doubt  &om  10  to  12  feet  thick  in  some  points.  Tho 
gravel  at  the  point  I  ie  5  feet  thick  ;  it  increases  to  10  feet  thick 
as  it  approaches  the  Imperial  Boad,  and  after  passing  that  at  n 
hdght  at  148  feet  above  liie  sea  it  gradnally  thins  away  until  it  is 
only  3  feet  thick  at  the  south  side  of  the  raUway-cutting,  and  soon 
mei^s  into  tho  loess  on  the  eteep  Incline  on  tho  north  side  of  the 
railway. 

The  surface  of  the  dialk  at  the  Bue  de  Cagny  near  the  point  I  is 
195  fof  *  abovo  the  sea ;  it  fells  to  130  feet  above  tho  sea  where  it 
passes  under  tho  Imperial  Rood,  and  then  becomes  nearly  horizontal, 
only  &lling  3  feet  until  it  reacbm  tho  nulway-cntting. 

Fig.  1. — Section  at  La  JV#twiS«,  thounng  the  Lota  ratinff  immediaUly 
oil  the  Chalk. 


The  dope  then  bocomos  ri^  again,  ind  it  probaUy  falls  at  a 
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gradient  of  1  in  4  for  some  distance,  and  then  becomes  horizontal 
again  at  the  River  Somme. 

The  loess  is  clearly  seen  in  the  railway-cutting  and  at  one  cellar 
(Plate  III.  C*)  in  Neuville  (fig.  1),  resting  on  chalk  without  any  in- 
termediate gravel,  C  on  the  plan ;  but  I  have  left  the  junction  between 
the  loess  and  gravel  undefined  in  the  lower  part  of  the  section  I K, 
as  I  could  not  put  the  junction  in  accurately. 

If  a  straight  line  be  drawn  from  point  I  on  the  Rue  de  Cagny 
to  K  on  the  Somme,  it  will  pass  32  feet  below  the  top  of  the 
railway-cutting  along  the  line  I  E,  and  it  will  pass  over  the  chalk  at 
the  Imperial  Road  at  a  height  of  17  feet,  showing  that  the  surface  of 
the  chalk  between  those  two  points  is  concave. 

Section  L  M. — (Plate  IV.  fig.  7.) — This  section  commences  at  the 
point  beyond  the  Rue  do  Cagny,  at  a  height  of  187  feet  above  the 
sea ;  the  gradient  dips  northwards  towards  the  river,  and  falls  1  in 
37,  until  it  passes  the  Rue  de  Cagny  at  a  height  of  1 60  feet  above 
the  sea.  It  passes  through  a  part  of  the  great  St.-Acheul  pit,  with 
a  gradient  of  1  in  15,  1  in  40,  1  in  70,  1  in  130.  Hero  it  crosses 
the  Imperial  Road  and  falls  to  the  north,  with  a  gradient  of  1  in 
600,  1  in  300, 1  in  40,  1  in  688, 1  in  43,  to  the  La-Neuville  RaHway 
baUast-pit  close  to  the  railway  workshops,  where  it  reaches  a  height 
of  132  feet  above  the  sea.  The  ground  is  quarried  out ;  but  the 
surface  apparently  dipped  north  at  a  gradient  of  1  in  12,  then  rose  1 
in  33,  then  fell  1  in  7,  horizontally  crossing  the  railway-cutting  at  a 
height  of  107  feet,  11|  feet  above  the  rails. 

The  ground  then  falls  north,  at  a  gradient  of  1  in  21,  forming  the 
top  of  the  loess  terrace,  at  95  feet  above  the  sea.  The  escarpment  of 
the  loess  terrace  is  here  at  a  very  steep  angle,  falling  12  feet  in  a 
horizontal  distance  of  14  feet,  then  at  a  gradient  of  1  in  71  to  the  first 
brook,  then  level  to  the  Somme. 

The  loess  is  4  feet  thick  at  the  Rue  de  Cagny,  in  the  section  L  M, 

and  the  same  thickness  at  the  Imperial  Road.     At  the  escarpment 

of  the  chalk  it  is  only  2  feet  thick,  and  seems  to  appear  again  at  the 

terrace  in  considerable  thickness,  at  a  height  of  95  feet  above  the 

.sea. 

The  gravel  is  13  feet  thick  at  the  Rue  de  Cagny,  nearly  20  feet 
thick  in  the  St.-Acheul  pit,  and  runs  out  to  6  feet  at  the  RaUway- 
works  ballast-  and  chalk -pit  at  the  escarpment.  I  have  notsection 
of  gravel  further  north  than  this  pit. 

If  a  straight  line  be  drawn  from  the  Rue  de  Cagny  to  the  Somme, 
along  the  line  L  M,  it  passes  the  Imperial  Road  on  the  level,  and  is 
15  feet  below  the  surface  at  the  Railway- works  ballast-pit ;  so  the 
surface  is  convex  at  that  point. 

The  convexity  of  the  chalk  on  the  same  line  is  14  feet  at  the 
ballast-pit. 

Section  N  0  P. — (Plate  TV.  ^.  8.^ — This  section  oommenoes  at 
the  Ferme  de  Gr&ce,  point  N,  at  a  height  of  201  feet  above  the  sea, 
and  goes  along  the  road  to  Montiers  by  the  line  N  0  P  as  far  as  0. 

*  The  letter  C  in  La  Neuville  must  be  distinguished  from  the  lettw  O  in 
LoDgoeau  on  the  same  Plate  III. 
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The  first  gradient  is  1  in  33,  north ;  1  in  90,  1  in  100,  1  in  105, 1 
in  110,  1  in  110, 1  in  110, 1  in  57,  1  in  60,  1  in  70, 1  in  60,  Hero 
it  crosses  the  junction  of  two  roads  at  a  height  of  155  feet  above  the 
sea.  Then  foUow  on  north  1  in  60, 1  in  27,  1  in  40,  1  in  60,  to  the 
point  0,  at  a  height  of  120  feet  above  the  sea ;  then  1  in  30  and  1 
in  75  to  the  railway,  1  in  33  to  the  Imperial  Road,  then  1  in  56,  1 
in  50,  1  in  231,  and  it  crosses  the  top  of  the  escarpment  of  loess  at 
a  height  of  81  feet  above  the  sea.  Then  the  face  of  escarpment  falls 
16^  feet  in  18  feet,  then  is  horizontal  to  the  river. 

If  a  line  be  drawn  from  the  Point  N  to  the  River  Somme  along  the 
line  N  0  P,  it  will  pass  under  the  junction  of  two  roads  at  a  height  of 
142  feet  above  the  sea,  or  15  feet  under  the  roads.  It  will  pass  10 
feet  above  the  rails,  and  2  feet  above  the  Imperial  Road ;  so  that  the 
extreme  convexity  of  the  surface  at  any  point  of  the  line  of  7458 
feet  is  only  15  feet.  This  is  important,  as  the  section  has  been  re- 
presented as  enormously  convex  by  previous  writers. 

The  surface  of  chalk  at  the  junction  of  the  two  roads  is  142  feet 
above  the  sea,  and  is  therefore  only  6  feet  above  a  straight  line 
drawn  through  NOP.  The  surface  at  the  junction  of  the  two  roads 
is  very  slightly  convex.  The  surface  of  the  chalk  at  the  railway  is 
23  feet  below  a  straight  line  drawn  from  the  Forme  de  Grace  201  feet 
above  the  sea  to  the  Bomme  (at  a  height  of  61  feet  above  the  sea) ; 
a  straight  line  from  the  Ferme  de  Gr&ce,  201  feet  above  the  sea  to  the 
Somme,  61  feet  above  the  sea,  passes  over  the  railway  8  feet  above 
the  rails,  and  23  feet  above  the  surface  of  the  chalk  at  that  point ; 
so  that  the  surface  of  the  chalk  is  concave  to  the  extent  of  23  feet. 
At  the  Imperial  Road  the  surface  of  the  chalk  is  concave  to  the  ex- 
tent of  22  feet,  although  on  the  upper  part  it  is  convex  to  the  extent 
of  15  feet. 

lY.  Characters  of  the  Chalk,  Gravel,  and  Loess. 

I  will  not  trouble  the  Society  with  the  details  of  Section  N  Q 
(Plate  rv.  fig.  8),  but  will  now  proceed  to  describe  the  characters  of 
the  chalk,  the  gravel,  and  the  loess,  as  I  have  observed  them  near 
Amiens.  ^ 

1.  The  CJiaUc, — The  condition  of  the  chalk  itself  near  Amiens  is 
remarkable  in  some  places. 

In  a  railway  section  near  Pont  de  Metz,  about  three  miles  from 
Amiens  and  Monticrs,  the  chalk  surface  slopes  northward  at  an  angle 
of  20°,  and  is  overlain  by  20  feet  of  drift  sands  dipping  10°  N. 
where  they  touch  the  chalk,  but  filling  up  the  concavities  of  the  chalk, 
and  having  their  upper  surface  sloping  northward  at  an  angle  of  3°. 

At  Pont  de  Metz  the  chalk  is  covered  with  a  drift  chalk-marl,  and 
with  beds  of  chalk  rubble  and  chalk  pellets,  with  very  little  mixture 
of  sand  or  clay,  15  to  20  feet  thick. 

Near  Guigencourt,  a  quarry  in  the  chalk  on  the  plateau,  about  four 
miles  south  of  Montiers,  the  chalk  is  very  much  split  up  by  joints 
lying  at  an  angle  of  eighty  degrees,  or  very  nearly  vertical,  and  also 
nearly  at  right  angles  to  the  planes  of  bedding  of  tiie  chalk.    (Fig.  2.) 
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T&oee  joints  are  now  in  many  cases  fiasuros  two  or  three  inches 
wide,  and  extending  to  a  considerable  depth  ;  but  they  are  filled  up 
withafine  brown  loess,  which  seems  as  if  iujected  into  them  iforl 
observed  in  one  or  two  oases  that  a  vein  of  two  or  three  inches  thick 
had  entered  a  horizontal  joint,  and  passed  along  that  in  a  horizontal 
direction,  thinning  out  to  only  half  an  inch.  I  give  a  sketch  of  this 
chalk-qnany.     This  system  of  joints  would  very  much  facilitate  the 


Fig  I 


formation,  or  rather  the  separation,  of  the  chalk  into  rectangular 
and  imperfect  spheroids,  such  as  are  seen  in  the  quarries  behind  St. 
Acheul  and  Longucau,  where  some  decomposing  agency  has  acted  upon 
the  chalk  itself  with  considerablo  effect. 

In  the  drawing  (fig.  3)  mode  of  the  condition  of  the  surface  of  tho 

Fig.  3. — Setiion  along  the  St.  Acheid  aiul  Longueau  Eoad. 


chalk  (and  to  a  depth  of  !iO  feet)  along  the  Saint- Aeheul  and  Longueau 
road,  running  east  and  west,  I  found  the  sandpipes  in  the  chalk  very 
close  ti^ther,  and  filled  with  brown  loess  and  gravel.  There  are 
some  lai^  pipes  in  the  eastern  escarpment  in  M.  Bailli's  garden, 
close  to  tho  road ;  but  they  decrease  towards  Cagny  on  the  escarpment 
of  chalk  trending  southwards  there  exposed,  and  also  in  the  escarp- 
ment of  chalk  trending  northwards.  (Scefig.4.)  1  did  not  observe  any 


decampoaed  chalk  in  the  railway- cutting  or  quarry  between  Longueaa 
and  La  Neuville,  nor  at  the  ballast-pit  in  the  chalk  near  Ia  Neuville 
at  the  railway  workshops,  Amiens.  The  surface  of  the  chalk,  how- 
«Ter,  ia  irregular,  and  covered  with  gravel,  but  without  deep  pipea. 
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The  drawings  of  the  chalk-quany,  fig.  2,  and  in  Y.  Boilli's  gar- 
don,  north  of  C,  fig.  4,  will  explain  the  rcmarkablo  character  of  tho 
dc<!ompoRition  that  has  affected  the  chalk.  Not  only  has  chalk  been 
removed  by  the  chemical  action  which  borea  pipes  in  it,  but  the  loeaa 
appears  to  have  followed  eloecly,  penetrating  through  the  mass  for 
many  foot,  occupying  the  vacant  apace  made  by  the  Ucstrnction  of 
tho  (udcarcona  mutter  in  many  places,  or  uniting  with  it,  and  mukiiig 
a  kind  of  Combo  Hock. 

The  harder  pieces  of  chalk  are  left,  often  in  a  bouldcr-likc  form  (as 
drawn),  with  slightly  rounded  or  abraded  comers,  tho  chalk  between 
lai^  pieces  then  being  Icmmu  and  friable,  and  marly  in  colour,  often 
mixed  nith  loess,  and  with  ferruginous  stains.  When  the  chalk  is 
quarried,  tho  large  masses  fall  down  like  boulders,  and  arc  iLiod  for 
purposeB  of  masonry,  untouched  by  tho  quarryman.  The  hard  pieces 
of  diolk  project  beyond  tho  soft  matrix  in  which  they  are  endosed, 
like  the  flints  upon  th<;  Brighton  diff,  making  a  serrated  face.  Tho 
largostpiecethathasfaUenout  is  only  about  three  feet  long,  according 
to  ii.  Dailli,  who  has  quarried  thousands  of  tons  of  chalk  without 
meeting  with  a  larger  moss.  There  is  a  pipe,  ten  feet  in  diameter,  in 
U.  Bailli'e  garden,  and  tho  depression  in  the  chalk  at  the  north-east 
oomer  has  a  pipe-like  form. 

The  lines  of  large  flints  which  traverse  the  whole  of  the  escarp- 
ment horizontally  ore  perfectly  in  ntw. 

That  this  decomposition  of  the  chalk  tn  situ  has  some  relation  to 
the  physical  circnmstancos  following  the  deposition  of  gravel  at  St. 
Achenl  is,  I  think,  probable,  aa  some  part  of  tho  drainage  &om  above 
St.  Aeheul  would  pass  through  the  escarpment  in  question  in  order 
to  get  to  tho  marshes,  and  the  action  which  has  caused  the  removal 
of  the  chalk  must  have  acted  with  great  intensity  on  the  high  land  ad- 
joining, 80  that  the  current  was  from  above  downwards.  About  one- 
eighth  of  the  8t.-A.cheul  gravel  consists  of  chalk  in  tho  form  of 
large  pieces  avcro^ng  4  inches  diameter,  ofc  halk  pellets  &om 
jt  to  1  j  in  diameter,  and  of  chalk  finely  divided  and  mixed  with 


3ay. 


Where  we  can  see  the  chalk  near  C,  it  is  so  perforated  by  pipes 
and  separated  into  small  pieces  that  it  seems  prepared  for  a  rapid 
denudation  if  attacked  by  water  with  any  vigour ;  and  if  this  was 
the  condition  of  the  chalk  also  at  higher  levels  near  St.  Aeheul 
and  Hontiers,  we  can  account  for  the  large  quantity  of  chalk 
contained  in  tho  Amiens  gravels. 

Tho  fall  of  the  Sommo  from  Longnesu  to  Uontiers  is  fifteen  feet, 
the  river  fiowing  &om  sonth-east  to  north- west  nearly,  at  a  gradient 
(tf  only  1  in  1520.  The  rails  are  96  feet  at  La  Nenville,  and  09  £eet 
at  UontioTS,  above  the  sea-leveL 

By  referring  to  the  sections,  C  D,  E  F,  G  H,  which  are  parallel 
with  the  Biver  Sommo  and  the  Imperial  Boad,  it  will  be  seen  that 
on  a  line  from  east  to  weat,  1644  yards  long,  from  the  eastern 
escarpment  of  Uie  chalk  east  of  Bt.-Adieul  to  the  western  esoaip- 
ment  of  the  chalk  near  the  northern  termination  of  the  Sue  de 
Cagnj,  the  anrface  of  the  ohalk  is  extrame^  ngolar  and  hmuontsL 
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The  highest  point  of  the  chalk  on  the  lino  C  H  is  only  three  feet 
higher  than  tho  lowest  point  on  that  liac. 

There  ie  a  8t«ep  escarpment,  50  feet  high,  at  Longueau,  of  hare 
chalk  facing  the  east,  and  an  escarpment,  30  feet  high,  near  the 
Kue  do  Cagny,  of  bare  chalk  feeing  the  west.  Tho  outcrop  of  chalk 
is  marked  on  the  plan,  in  order  to  ho  well  seen. 

The  contrary  is  tho  cose  with  the  sections  from  south  to  north. 
The  escarpment  of  tho  chalk  facing  the  Biver  Somme  is  not  so  steep, 


Fig   5  — Seeticn  of  deeompostd  Chalh  exposed  in  a  quarry  it 
eseatpment  near  O,  with  hani.  of  Loess  at  the  bate 


the 


6  — Sectum  ikowing  the  escarpment  of  Loess  between  the  Quarry 
(fig.  5)  and  the  Imperial  Road 


and  is  therefore  nowhere  bare,  being  covered  with  a  Quatemaiy 
deposit. 

The  slope  of  tho  chalk  from  south  to  north  is  considerable  when 
compared  with  the  almost  perfect  horizon  tali  ty  of  the  chalk  in  aa 
east  and  west  direction. 

Thos  we  have  a  slope  or  gradient  of  1  In  33,  or  of  21°, 
banning  at  tho  point  L  on  the  line  L  M,  175  feet  above  Uie 
sea,  to  M  on  the  Somme,  at  a  height  of  76  feet  above  the  sea. 
The  distance  is  3342  feet  between  L  and  U,  These  escarp- 
ments are  evidently  the  sides  of  lateral  valleya,  and  are  not  dae  to 
the  action  of  the  River  Somme,  but  to  that  of  Bmaller  lateral  and 
and  more  rapid  streams  running  into  the  Somme.  The  Biver  Arve 
still  approaches  closely  to  the  eastern  escarpment  of  St.  AoheoL 
The  weetem  escarpment  of  St  Acheul  is  the  side  of  a  valley  SOW 
dry,  but  which  evidently  contained  a  rapidly  flowing  stream  when 
the  western  escarpment  was  formed. 

The  gradient  of  the  River  Aire  is  much  steroer  dun  that  of  the 
Somme ;  but  tho  valley  at  the  west  of  8t  Acheof  fbnneriy  oonteined 
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a  stream  which  moat  haro  fallen  with  great  velocity,  oa  the  slope 
of  the  bottom  b  1  in  40,  nearly  equal  to  the  slope  of  the  chalk  itself 
at  St.  Achenl,  which  is  1  in  33.     Thin  riTsr  is  now  dry. 

1  ask  particular  attention  to  the  position  and  Icvtl  of  this  dry 
valley,  which  is  similar  in  character  to  those  occoning  on  all  chalk- 
downs  and  platoauT, 

Tbo  chalk  Burface  at  St.  Achcul  is  also  hollowed  out  into  a  volley 
situated  north  of  the  Imperial  Koad,  widening  out  as  it  approaches 
the  Sommo,  after  the  ordmaij  manner  of  valloya. 

By  the  sections  through  the  St.-Acheul  pita,  we  know  this  valloj' 
did  not  extend  south  of  the  Imperial  Boad  ;  but  the  eastern  boun- 
dary of  this  small  valley,  only  400  or  COO  yards  long,  ia  well  seen 
at  the  La  Neuville  Easlom  Bridge,  where  the  chalk  is  well  exposed 
in  the  railway- cutting,  at  a  height  of  20  feet  above  the  rails,  and 
slopes  westwards,  passing  under  the  rails  near  the  point  C  in  the 
map,  between  the  lines  of  section  I K  and  L  M. 

The  sarfoco  of  chalk  is  shown  in  a  very  clear  section  on  the 
railway  here,  covered  with  20  feet  of  loess  (fig.  11).  The  chalk 
is  nowhere  naturally  exposed.  The  force  of  water  from  St.  Achoul 
originally  hollowed  out  this  small  valley  in  the  chalk,  which  has 
bees  partly  filled  up  with  gravel  and  loess  ;  and  the  Burfacc-droinago 
of  St  Acheul  flows  to  the  Uiver  Somme  down  this  valley,  over  a  bed 
of  gravel  and  loess  'of  some  thickness. 

There  is  a  very  small  lateral  valley  in  the  chalk,  running  from 
St.  Acheul  into  tho  now  dry  valley  at  the  western  escarpmont,  also 
covered  with  loess  and  gra^'el.  The  slope  of  the  side  of  this  valley 
is  as  much  as  6°. 

Crossing  over  from  tfae  cost  of  Amions  to  the  wcet,  we  come  to 
the  section  NOP,  which  gives  us  a  correct  view  of  the  surface  of 
the  chalk  at  Moatiers,  where  fossilifcrous  gravels  wore  discovered 
by  Mr.  Preatwich.     (Plate  IV.  fig.  7.) 

The  gradients  have  been  already  described.  Between  N  and  0 
the  surface  of  the  chalk  is  slightly  convex  ;  but  between  0,  a  point 
120  feet  above  the  Somme,  and  the  Somme  itself,  the  surface  of  tho 
chalk  is  concave. 

In  an  elevation  of  60  feet,  between  0  and  P,  the  concavity  of 
the  chalk  ia  as  much  as  20  feet,  or  one-third  of  the  total  height. 
It  is  in  this  basin  of  the  chalk  that  the  great  gravel-beds  of  Uon- 
tiors  may  be  seen,  in  which  30  feet  of  gravel  and  loess  is  well  ex- 
posed, south  of  and  close  to  the  Impenal  Boad.  The  fossilifcroos 
gravel  extends  above  the  railway ;  and  Mr.  Proetwich  found  sheila 
in  a  pit  which  appears  to  be  about  50  feet  above  the  river  at 
Kontiers. 

The  chalk  is  nearly  horiiontal  beneath  the  rails  for  a  distance  of 
1077  yards  between  the  line  of  the  section  NOP  and  N  Q ;  at  least 
it  is  15  feet  below  the  rails  on  the  line  NOP,  and  9  &et  below 
the  rails  at  N  Q  (fig.  12,  p.  123).  As  at  St  Acheul,  the  dope  of  the 
surface  follows  the  chalk  to  some  extent,  and  falls  towards  tiie  river. 
The  average  gradient  ia  2i°,  or  1  in  43,  along  the  line  N  Q,  against 
a  gradient  of  2|°,  or  1  in  33,  at  St.  Acheul,  along  the  line  L  H ;  hut 
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the  chalk  is  convex  on  the  average  at  L  M,  and  concave  on  the  ave- 
rage at  N  Q.     This,  however,  requires  more  explanation. 

The  surface  of  the  chalk  between  the  line  of  200  feet  and  of  120 
feet  above  the  sea  is  convex  on  the  line  N  0  F,  at  the  maximum 
to  the  extent  of  14  feet  out  of  8G  feet  perpendicular  height ;  and 
we  see  very  little  gravel  reposing  on  the  eonvex  surface.  On 
the  contrar}%  in  L  M,  between  the  200-feet  and  135-feet  levels,  the 
maximum  concavity  is  15  feet ;  and  the  great  mass  of  the  St.-Acheul 
gravel  is  deposited  in  this  hollow. 

But  when  we  examine  the  surface  of  the  chalk  between  0  and  P, 
between  the  120-feet  and  60-feet  levels,  we  find  the  chalk  surface  is 
concave  to  the  extent  of  a  maximum  of  29  feet,  out  of  a  total  of 
60  feet ;  and,  singularly  enough,  this  29  feet  is  almost  exactly  the 
maximum  thickness  of  gravel  and  loess  in  the  great  pit  at  Montiors, 
where  a  section  several  hundred  yards  long  is  exposed. 

On  the  contrary,  between  the  130-feet  and  76-feet  levels  on  the 
lines  L  M  and  I K,  where  the  surface  of  the  chalk  is  convex,  there 
is  no  gravel  of  any  importance. 

In  the  section  (Plate  IV.  fig.  1)  between  L  M  and  I  K  the 
chalk  is  nearly  a  straight  line,  falling  2j°  between  the  130-feet 
and  90-feet  levels ;  we  have  9  feet  of  gravel  and  loess  exposed  in 
this  favourable  position  for  its  accumulation. 

When  we  see  the  gradual  slope  of  the  surface  from  the  point  0  to  the 
Biver  Somme  at  P,  we  are  indeed  surprised  to  find  the  sudden  change 
in  gradients  in  passing  southward  from  0  to  llenancourt,  across  the 
now  dry  valley  leading  from  Ferric^res  (passing  by  Saveuse)  to 
Amiens,  a  distance  of  four  or  five  miles.  These  escarpments  con- 
mence  near  Ferrieres,  and  increase  as  the  bottom  of  the  valley 
fjEdls  in  a  north-easterly  direction  towards  the  river  Cette.  I  mea- 
sured a  section  near  the  Ferrae  de  Grace,  where  the  side  of  the  dry 
valley  slopes  at  an  angle  of  20^  to  the  bottom. 

These  escarpments  are  better  shown  in  a  section  taken  from  the 
point  0,  towards  Renancourt,  and  giving  gradients  from  30°  to  50®, 
representing  flood-lines  of  former  periods,  but  so  sharp  in  defini- 
tion that  they  look  like  the  work  of  the  last  winter.     (Fig.  7.) 

Fig.  7. — Section  across  the  Saveuse  valley. 


380  yards  broad. 

28  yards  deep. 

6' 

^^^^^^ 

It  is  obvious  that  any  theory  of  excavation  of  the  Somme  valley, 
at  Amiens,  must  take  into  account  the  condition  of  the  dry  Saveuae 
▼alley,  which  is  only  a  type  of  hundreds  of  other  dry  valleys, 
which  formerly  were  filled  with  water  falling  into  the  Somme  and 
swelling  it  into  a  river  capable  of  overflowing  St.  Acheul. 
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In  Uif  same  way  no  iirgiimont  can  be  satisfnctorilj"  applici  to  tlip 
formation  of  tliu  Sommo  valley,  without  considering  tlic  rcliition  of 
the  elijilk- valleys  gcncrnlly,  which  resemble  each  other  in  bo  many 
important  respcctx,  arid  are  alike  in  general  feittiires  as  woU  aa  in  the 
miner;)!  composition  of  their  strata  and  their  siiperlicial  contents. 

On  some  other  occasion,  after  the  Society  hus  hc-ard  my  account 
of  Bome  other  valJeya,  and  seen  my  measured  sections,  I  sliall  vcn- 
turt^  to  lay  before  them  the  views  of  the  fonnation  of  the  Somme 
valley  which  I  hold.  1  shall  now  only  remark  that  the  bottom  of 
the  valley  of  Saveiiao  opens  into  the  valley  of  the  Ccttc,  between 
Uontiers  and  Itcnancourt,  at  a  height  of  1)2  feet  above  the  sen, 
and  is  140  feet  high  above  the  sea  near  the  Fcrmo  dc  tirucc,  end 
1S7  feet  above  the  sea  near  Savousc,  an<l  that  thero  are  con- 
tinnoas  teiTiiees  of  Iocsh,  varying  in  form  and  elevation,  sometimes 
^ith  the  configurjitiori  of  the  chalk-valley  on  which  they  reiMjse 
from  one  end  to  the  other,  but  evidently  the  conspijuence  of  water 
filling  tlie  Sarouso  valley  on  its  passage  from  Ferrieres  to  Slonticrs. 

2.  T/ie  Gnwel  and  Loetn. — tVom  the  fine  or  coarse  cliaracter  of 
the  gravel,  and  frum  the  thickness  of  the  loess,  we  may  infer  some  of 
thc]ihysieal  circamstancits  which  occurred  ut  the  period  of  deposition. 
The  loess  is  in  some  pLiccs  sandy,  and  in  others  is  a  fine  loam,  but 
it  variuH  little  in  coarseness.     At  tho  same  height  above  the  river 

1  have  ol)8Crved  great  discrepancies  in  the  thickness  of  tho  true 
loess:  thus,  at  a  pit  ifOO  yards  east  of  the  line  NQ,  15  feet  of 
loess  was  well  exposed  in  a  new  pit  from  which  a  good  r{aality  of 
brick-earth  was  being  removed  and  carried  a  long  distance  to  iho 
brickfields  at  Uontiers ;  and  I  was  informed  there  wim  a  dejith  of 
16  feet  more  before  the  gravel  was  reached.  Thero  was  a  gravel- 
pit  on  the  same  level,  a  little  to  the  west.  On  the  edge  of  the 
Savouse  valley,  400  yards  south  of  0,  tho  loess  was  only  from  1  to 

2  feet  tJiick.  At  St.  Acheul  it  was  only  5  or  6  feet  thick ;  but 
there  were  intermediate  beds  of  marl  and  sand  between  the  true 
loess  and  tho  true  gruvel  there. 

There  seems  to  bo  a  line  of  thicker  brick-earth  or  loess  run- 
ning south  and  nortli  between  the  lines  0  P  and  N  Q.  This  wonld 
indicate  tliat  the  water  was  more  tranquil  at  that  point.  Such  dif- 
ferenccs  in  currents  are  very  apparent  in  rivoTB  at  tho  present  time ; 
and  the  warp  of  our  rivers  approaches  very  nearly  to  tho  character 
of  loess.  The  fossiliforous  gravels  at  St.  Acheul  extend  to  a  height 
of  70  feet  above  the  river,  or  much  higher  than  the  correspond- 
ing fossiliferous  gravels  in  the  valley  of  the  Thames.  The  ahellB 
are  found  in  false-bedded  fine  sand,  and  not  in  clay,  at  St.  Acheul, 
and  in  precisely  the  same  condition  as  at  Crayford. 

The  Cyrona  shell-bed  at  Crayford,  however,  is  only  38  feet  above 
the  sea ;  but  both  tho  St.-Aoheul  and  CrayfOTd  graveb  extend  up- 
wards and  join  the  plateau  beds,  while  they  pass  downward  as  bx 
as  the  river  in  both  cases. 

The  chalk  is  capped  in  some  places  with  Tertiary  unds  at  Crsjr- 
ford ;  hut  the  gravel  lias  on  tho  ooncaTities  of  chalk  and  suid  qmte 
indi^TGntljr. 
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The  Eiver  Cray  falls  into  the  Thames  much  as  the  River  Arre 
falls  into  the  Sommc.  The  Craj*ford  gravel  is  100  feet  thick,  aad 
confined  to  a  space  between  two  vulleya,  the  eastern  valley  occu- 
pied hy  the  Biver  Cray,  and  the  other  and  western  a  dry  valley, 
like  that  south-west  of  St.  Acheul. 

Bounded  by  valleys  east  and  west,  the  Orayford  and  8t.-Acheul 
graveb  lie  against  escarpments  of  the  chnlk  parallel  to  the  Rivers 
Thames  and  Somme. 

I  have  not  presented  more  than  a  few  vorieties  of  the  gravel-sec- 
tions to  be  observed  in  Amiens,  for  want  of  room  (Plate  IV.  figs,  12 
&  13,  and  fig.  8  below),  and  I  propose  to  moke  some  remarks  upon  the 
peculiarities  of  deposition  to  be  observed  there  at  some  fiiture  time,  I 
will  now  only  observe  that  the  character  of  the  sections,  I  think, 
clearly  shows  us  that  a  large  quantity  of  the  gravel  material  now 
exposed  in  the  quarries  opened  for  ballast  near  Amiena  had  its 
source  in  the  hills  or  plateau  immediately  adjoining  and  above  St. 
Acheul  and  Monticrs,  and  wBS  washed  into  the  valley  of  the  Somme 
in  a  direction  from  south  to  north,  and  mingled  with  the  materials 
brought  down  by  the  Somme,  flowing  from  east  to  west. 

The  quantity  of  chalk -detritus  is  about  one-eighth  of  the  whole 
mass  of  gravel  and  loess,  and  makes  the  Amiens  deposit  second  in 
importance  to  the  Brighton  gravel,  as  far  as  the  presence  of  chalk 
is  concerned.  The  unrolled  condition  in  which  the  large  pieces  of 
chalk  in  the  gravel  generally  occur  proves  the  local  origin  of  the  chalk, 
and  that  it  has  been  brought  down  from  the  high  lands  and  not 
thrown  up  by  the  river. 

We  might  expect  an  important  difference  in  mineral  character 
between  the  gravel  and  loess  at  the  respective  heights  of  150  and 
75  feet  above  the  sea.  I  have  compared  the  gravel  of  St.  Acheul, 
140  feet  above  the  sea,  with  that  at  Uontiors,  from  70  to  80  feet 
above  the  sea,  as  corehilly  as  I  could,  in  order  to  find  some  marked 
distinctions,  but  up  to  the  present  time  without  Buccess.  I  have 
sketched  a  piece  of  gravel  at  St.  Acheul,  140  feet  above  the  sea 
(Plate  IV.  fig.  12),  and  a  piece  in  La  Ncnville,  106  feet  above  the 
sea,  and  immediately  north  (fig.  8) .    There  is  a  great  deal  of  Tari&- 

Fig.  8. — Satwn  in  La  NeuvilU  BaRatt-pit.     Loot  ami  Qrovel. 
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tion  between  these  two  sections ;  but  there  is  still  more  variety  in 
the  gravel-section  of  a  port  of  Bt  Acheul,  200  yards  to  the  oast,  at 
a  h^iht  of  145  feet  above  the  sea  (Plate  IV.  fig.  13).  Similar  spedea 
of  shells  have  been  discovered  and  named  by  Ur.  Prestwich  and 
others  at  If  ontien  and  St.  Achenl,  at  very  difl^vnt  levels ;  bat  there 
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are  none  characteristic  of  any  particular  elevation  above  the  rivi*r. 
Bonea  and  flint  implemeata  are  said  to  be  fuund  throughout  the 
Amiens  gravels ;  but  as  I  have  never  found  any  myself,  nor  seen  any 
found,  I  cannot  speak  on  this  point  from  observation  ;  and  it  docs 
not  appear  that  these  remains,  any  more  than  the  shells,  would 
enable  U8  to  distinguish  any  particular  level. 

The  large  stones  of  Or^s  arc  abundant  in  all  the  quanies.  L 
made  notes  of  the  numbers  and  sizes  of  all  I  observed,  and  found 
that  they  are  also  distributed  as  much  in  the  f^vel  above  the  railway 
as  below  it,  and  range  up  to  4  feet  long.  There  are  na  many  and 
OS  large  blocks  of  Groa  in  the  Uootiers  northern  pits  as  in  those  at 
St,  Aehuul.  I  observed  one  Grta  at  La  Neuvillu  partly  covered  by 
loess,  tho  rest  of  the  stone  being  on  gravel ;  hut  elsen-here  the  Gri-s 
stones  were  always  in  the  gravel. 

I  have  mentioned  the  loess  being  a  vsry  good  brick-ttarth  at  a 
point  1:^0  feet  above  the  sea  in  Montiers.  Tho  colour  and  material 
of  tho  loess  is  generally  a  dull  brown,  varying  in  proportions  of  cluy 
and  Hand  and  intlie  amount  of  angular  flints  contiiiued  in  it  through- 
out the  whole  area.  1  have,  however,  remarked  a  reddish  friable 
brick 'earth  on  the  terraces  Mnging  the  Sonuno  at  Longueau,  ninety 
feet  a)>ove  the  sea.  This  is  probably  of  the  same  character  as  that 
in  the  siiuUur  terrace  at  Neuville  and  MontierB.  This  brick -earth  is 
very  similar  to  that  of  U)o  Itivcr  I^a ;  indeed  at  Clapton  there  is  a 
veil -marked  terrace  of  brick-earth  bounding  the  marshes,  which  are 
com^HMed  of  gravel.  The  Cltipton  terrace  is  higher  than  that  of  the 
8omme  at  Amiens,  and  reposes  on  London  clay,  instead  of  chalk  as 
at  Amiens. 

This  low  escarpment  of  loess  is  to  be  seen  for  a  great  many  miles 
eastward  along  the  Somme ;  and,  from  the  angle  at  which  it  faces  the 
river,  with  its  flat  top,  it  so  resembles  a  military  earthwork  that  it 
is  often  rt^rded  as  artiftcial.  I  have  measured  the  (:<8carpment 
at  five  or  six  points;  and  the  angles  vary  from  20°  to  40°,  the 
average  being  35='  (ftgs.  9  and  10.) 

In  the  Savcuse  valley  the  angles  are  also  variona.  I  have  often 
remarked  similar  escarpments  in  England.      I  made  a  note  of  a 


Fig.  9. — Section  near  Canity,  in  the  valhi/  of  (he  Arve. 
Ttrrace  jial  above  the  Jevel  of  AfariA. 
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aerios  of  terraces,  seven  in  niunber,  one  over  the  other,  on  the 
chalk  hills,  on  the  north  aide  of  the  Bonune  valley,  about  nine 
miles  &om  Amiena,  on  the  Paris  line ;  and,  indeed,  in  the  apaoe  of 
ten  milen  you  may  sec  twenty  small  lateiiU  valleys  opening  into  tJie 
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Somme,  with  escarpments  as  distinct  and  well  marked  as  those 
drawn  of  the  Saveuse  valley. 

Fig.  10,— Section  three-quarters  of  a  mile  south  of  M.  DailWs  house 
{valley  of  the  Arve),  Loess  Terrace, 
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These  were  steps  cut  in  the  brick-earth  of  the  Saveuse  valley  by 
the  peasants,  to  enable  them  to  get  up  the  steep  sides ;  but  that 
was  the  only  information  I  was  enabled  to  get  as  to  the  structure 
of  parts  of  these  terraces,  except  at  Longueau,  wliere  a  pit  was  open 
and  good  brick-earth  visible ;  so  I  do  not  know  their  relation  to  the 
chalk.  At  Camilla  Lucy  House,  West  Humble,  near  Dorking,  I  saw 
a  terrace  cut  into,  sloping  to  the  valley  at  25^.  The  gravel  was  5 
feet  thick  on  the  face  of  chalk,  and  7  feet  thick  30  yards  from  the 
escarpment. 

These  terraces  are  of  great  importance  to  any  one  investigating 
the  geology  of  the  Somme,  but  are  not  noticed  by  any  other  writer, 
as  far  as  I  am  aware. 

V.  Conclusion. 

What  the  sections  described  in  this  paper  plainly  tell  us  is,  that 
the  chalk  valley  of  the  Somme  was  excavated  exactly  to  its  present 
form  prior  to  the  deposition  of  any  of  the  gravel  now  lying  in  it. 
Perhaps  many  layers  of  gravel  may  have  been  deposited  and  removed 
again  in  this  ancient  chalk  valley  befor^  the  present  gravel  was 
deposited  ;  but  of  this  we  cannot  be  certam ;  so  that  we  must  take 
the  first  layer  of  gravel  covering  the  chalk  from  the  higher  part  of 
the  section  to  the  lower  as  the  oldest  in  the  section,  and  infer  that 
the  remainder  of  the  gravel-series  was  deposited  in  regular  sequence. 
The  most  delicate  sheUs  are  fossilized  in  the  river-sand  of  St.  Acheul 
and  Montiers,  just  as  they  have  been  in  that  of  Cra}  ford  and  Erith. 

This  is  a  proof  of  the  peaceful  character  of  the  deposition  of 
some  part  of  the  Amiens  beds,  just  as  the  large  flints  and  blocks  of 
Ores,  which  are  so  abundant  among  the  gravel,  are  a  proof  of  the 
power  of  the  floods  which  brought  the  coarse  gravel  from  the  pla- 
teau, or  down  the  rivers.     If  the  sections  near  Amiens  show  the 
valley-gravel  continuous  from  a  height  of  200  feet,  at  St.  Acheul  and 
the  Ferme  de  Grace,  to  the  River  Somme  (coated  over  by  a  nearly 
uniform  warp  of  loess),  and  laid  at  a  low  gradient  not  exactly  par- 
allel to  the  surface  of  the  chalk,  but  rather  in  its  conca^'ities,  then 
we  must  necessarily  admit  that  the  water  of  the  Somme  has  at  tinges 
flowed  over  the  whole  surface  in  question  from  top  to  bottom  in  one 
flood.     This  is  not  an  exceptional  ease  at  all,  as  I  shoidd  have 
been  able  to  demonstrate,  had  I  been  able  to  bring  forward  my  sec- 
tions of  other  river-gravels  this  evening.     We  are  all  agreed  that  a 
state  of  meteorological  phenomena  existed  during  the  glacial  period 
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very  different  &om  any  now  to  be  mot  with  in  these  latitudes ;  there- 
fore there  is  no  ^rimii  _^a«  improbability  in  supposing  a  plu<rial 
pcrinil  even  of  longer  range  in  time  than  the  glacial  ejxich. 

The  exiflteneo  of  such  a  pluvial  period  is  demonstrated  by  the 
size,  constitution,  and  level  of  the  fluviatile  gravel  and  loess  depo- 
sits at  Amiens  and  other  well-known  localities.  Large  rivers  cer- 
tainly (ixisted  to  a  later  date  than  the  glacial  period,  as  they  formed 
such  large  tcrracos  of  loeas  over  the  glacial  gravels.  If  wc 
wore  to  judge  of  the  age  of  these  later  depHMits,  sucb  as  tbe  loess 
otcarpmcnts  at  Amiens  and  Clapton,  by  their  modem  appearance 
and  by  their  being  unaltered  by  weather  and  not  cut  into  by 
streams,  we  should  place  them  alnmst  in  the  historical  period.  The 
Amiens  sections  of  loess  accord  with  those  of  the  lihitie  and  other 
rivers.  Tbe  differenire  between  this  loess  deposit  at  Amiens  and 
tbe  present  warp  of  the  Somme  ought  to  be  an  index  of  tbe  rainfall 
in  the  pluvial  period,  when  the  loess  wu»  deposited,  as  compared 
with  that  falling  at  the  present  time ;  and  we  may  look  at  these 
gravels  and  loess  beds  as  registering  rain-gauges. 

In  the  NMine  manner,  the  comparative  rainfall  at  the  epoch  of  the 
deposition  of  gravels  might  be  estimated  approximately  by  com- 
paring the  dimcnsionx  of  tbe  blocks  of  (ires  and  large  flints  moved 
by  fresh  water  in  the  gravel-period  with  the  size  of  the  materials 
moved  in  the  same  valleys  at  the  present  time. 

The  existence  of  a  glacial  period  almost  noeessitntcs  that  of  a 
pluvial  period,  commencing  prior  to  tbe  glacial,  and  continuing 
after  it,  occupying  a  region  south  of  that  occupied  by  the  ice  and 

Wo  should  have  bad  no  canso  for  surprise  if,  when  the  theory 
of  a  period  of  ice  and  snow  in  these  latitudes  was  first  broached, 
tbe  probability  of  a  rainy  period  south  of  the  Thames  bad  been 
also  deduced  from  a  consideratiou  of  tlie  effects  of  so  loi^  a  mass 
of  ice  and  snow  on  the  country  and  atmosphere  bordering  on  the 
ico-bind,  but  possessing  a  warmer  climate. 

We  have  the  evidence  in  almost  all  wet  valleys  of  the  river 
merely  occupying  a  small  groove  cut  in  the  ancient  valleys,  which 
valleys  I  believe  were  shaped  to  their  present  configuration  in  such 
a  rainy  period  as  I  have  inferred,  Every  wet  valley  has  a  number 
of  dry  valleys  opening  into  it,  which  bear  the  marks  of  having  been 
shaped  by  water  and  continual  showers  during  the  pluvial  period. 

The  points  of  diflerencc  between  other  authors  who  have  written 
respecting  the  F^ommo  Valley  and  myself  are  as  follows : — 

In  the  appendix  to  Sir.  Prcstwidi'a  paper  in  the  '  Philosophical 
Transactions,'  M.  Pinssrd  gives  the  height  of  the  railway  at  liB 
Neuvillc  as  83  feet  above  the  mean  tide  at  Havre.  In  tbe  survey 
made  for  me  by  M.  Guillom,  Principal  Engineer  of  the  Chemin  de 
Fer  du  Nord,  the  height  is  96  feet.  (Mr.  Prestwich  has  marked 
tfaia  same  le\-el  se  76,  in  his  drawing,  plate  10.  Phi).  Trans.  1860*.) 
This  is  just  13  feet  below  the  real  height.     Again,  in  Mr.  Prestwich's 

*  Thia  ix  i7ilu'uLited  rrrnn  the  ntMn  lide  at  BL  Talerj,  vhidi  diflton  7  feet  from 
that  St  Unvre. 
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section,  page  257,  Phil.Trans.  1864,  tlie  height  of  the  rails  at  Montiers 
is  marked  130  feet ;  it  should  be  99  feet,  according  to  M.  Guillom. 

It  is  to  be  regretted  that  Mr.  Prestwich  was  supplied  with  incor- 
rect figures  of  the  relative  levels  of  the  ground  about  Amiens,  as 
the  introduction  of  such  errors  in  the  section  must  have  materially 
affected  Mr.  Prestwich*s  theoretical  views,  as  ho  says,  **  The  upper 
section  at  Montiers,  which  I  discovered  in  1861,  was  conclusive 
as  to  the  relative  ages  of  the  gravel"  (p.  248,  Phil.  Trans.  1864). 

In  the  plan,  Plate  v.,  Phil.  Trans.  1864,  accompanying  Mr.  Prest- 
wich's  memoir,  the  bare  chalk  is  shown  as  invariably  separating  the 
upper  and  lower  gravels  all  the  way  from  Amiens  to  Abbeville  ;  but 
I  have  never  seen  a  case  of  the  kind. 

It  must  be  remembered  that  so  much  gravel  has  been  removed 
during  the  last  four  years,  that  the  sections  are  now  much  clearer ; 
and,  with  the  assistance  of  the  accurate  measurements  of  M.  Guillom, 
present  examiners  have  a  great  advantage  over  their  predecessors,  in 
examining  the  structure  of  the  gravel  near  Amiens. 

I  cannot  suppose  that  Mr.  Prestwich  would  now  separate  the 
Montiers  gravels,  seen  in  and  above  the  railway-cutting  at  Montiers, 
from  those  in  the  Great  Montiers  pit,  and  into  two  horizons,  as  there 
Lb  only  a  difference  of  twenty -two  feet  between  the  height  of  the 
gravel  on  the  top  of  the  railway-cutting  and  that  in  the  Imperial 
road.  As  nearly  the  whole  space  between  those  two  points  has 
now  been  excavated,  the  continuity  of  the  gravel  is  now  proved. 

When  Mr.  Prestwich  supposed  that  there  wa«  a  continuous  bare 
band  of  chalk  separating  the  gravel  in  the  railway-cutting  at  Mon- 
tiers from  the  gravel  near  the  Imperial  road,  and  that  the  top  of  the 
railway-cutting  was  (according  to  the  measurement  in  his  scHjtion, 
page  257,  Phil.  Trans.  1864)  sixty  feet  above  the  Imperial  Road,  he 
very  naturally  took  a  different  \iew  of  the  relations  of  the  gravels 
from  what  we  must  take  at  the  present  time,  with  the  additional 
information  we  possess. 

The  section  on  Plate  IV.,  therefore,  appears  to  destroy  Mr.  Prest- 
wich*8  argument,  on  which  he  has  construct^^d  a  division  of  the 
gravels  at  St.  Acheul  and  at  Montiers  into  upper  vaUey-gravels  and 
lower  valley-gravels,  of  different  ages,  and  situated  on  different  hori- 
zons, separated,  as  he  supposed,  by  a  band  of  bare  chalk  from  each 
other, — the  upper  valley -gravel  being  supposed  to  have  been  deposited 
before  the  excavation  of  the  la«t  fifty  feet  of  the  Somnie  valley,  which 
excavation,  he  considered,  preceded  the  deposition  of  the  gravels  near 
the  Imperial  road,  Montiers. 

The  character  of  the  surface  of  the  chalk  at  Montiers  has  been 
discussed  at  full  length  in  this  paper,  and  shown  to  be  concave  at 
the  pits ;  while  it  is  represented  as  highly  convex  at  Montiers  by 
Mr.  Prestwich  and  Sir  C.  Lyell. 

In  the  long  section  C  D  (Plate  IV.  fig.  3),  the  St. -Acheul  gravel,  at 
a  height  of  140  feet  above  the  sea,  is  shown  to' be  separated  from 
the  loess  at  Longueau,  at  a  height  of  ninety  feet,  by  an  escarpment 
of  bare  chalk.  The  tramway  (Plato  IV.  fig.  1),  passing  from  the  Im- 
perial road  to  the  railway,  crosses  one  of  the  supposed  bauds  of 
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chalk  marked  by  Ur.  Prestwich.  But,  instead  of  chalk,  there  are 
nine  foct  of  good  gravel  and  loess  exposed  in  thia  cnttiiig.  The  La 
Neuvillo  ballast-pit,  exposing  ten  feet  of  gravel  and  loess,  ia  also  on 
the  supposed  outcrop  of  bare  ohalk(Pl«teIV.  fig,  2;  K  S  ou  the  Flan), 
The  outline  of  the  sections  C  D  and  I K  would  at  first  sight 
seem  to  confirm  the  opinion  advanced  by  Mr.  Prestwich,  that  the 
gravd  at  the  140-fcet  level  might  be  of  a  different  age  to  that  50 
feet  below  it. 

The  loess,  also,  at  Loagueau,  at  the  90-fect  level,  near  C,  can 
be  traced  to  Ia  NcuviUe,  aud  Uion  up  to  the  8t,-Acheul  pits  con- 
tinuously. The  railway-cutting  in  La  Neuvillo  for  half  a.  mile  is 
in  loess,  with  veins  of  gravel  (fig.  12) ;  and  this  is  seen  to  be  con- 
tinuous with  the  St.-A(^eul  gravel  to  the  north,  by  a  number  of  old 
pits,  and  in  the  tramway.  The  surface  of  the  chalk  is  concave  in 
this  part  of  the  l^a  Xcuville  valley,  between  R  8  and  I  K,  so  that 
gravel  and  loess  would  be  retained  on  it ;  while  along  the  lines  (J  1> 
and  I  K  there  is  a  very  steep  escarpment,  on  which  no  grovel  would 
lie.  This  escarpment  would  be  swept  by  the  stream  of  the  river 
Arve  and  the  Somme,  flowing  at  its  base,  when  swollen  by  large 
floods,  such  us  mnst  have  happened  in  the  gravel-period. 

The  only  inference,  I  believe,  that  can  bo  fairly  drawn  from  the 
eeetions  on  Plato  IV.  is,  that  all  the  gravel  and  loess  of  St.  Achenl 
and  La  Keuvillo  is  of  one  period,  and  that  it  remained  spread  over 
Iho  valley  of  the  Somme  where  the  ground  was  concave  enough  to 
retain  it.  The  absence  of  gravel  on  the  steep  esearpments  and 
near  the  river- channels  is  a  proof  of  great  floods  and  ra^nd  currents 
during  the  Quaternary  period. 

I  saw  the  railway-cutting  at  Kontiers,  soon  after  Mr.  Prestwich's 
visit ;  it  was  sloped  and  very  much  iu  the  state  it  is  at  present.  (Fig. 
12.) 

By  U.  Guillom's  section  the  depth  of  tho  obolk  below  the  rails 
has  been  accurately  determined  at  two  points,  where  the  sections 
N  Q  and  N  O  P  cross  the  railway  (see  figs.  8  and  9,  Plate  IV.). 
In  fig.  8,  M,  Guillom  found  the  chalk  8  feet  below  the  rails;  in 
fig.  0,  14  feet  below  the  roils.  Hr.  Prestwich  has  represented 
this  i^way-cutting  as  on  one  of  his  hands  of  chalk,  dividing  the 
Talley-gravels  into  two  horiions ;  and,  in  consequence,  I  had  the 
section  NOP  token,  as  nearly  as  I  oould,  en  Qxe  same  line  ae  Ur. 
Prestwich,  because  I  had  always  remarked  gravel  in  the  Montiers 
railway-cutting,  and  not  chalk.  I  also  give  a  section  along  this 
railway  (see  fig.  12,  page  123).  By  the  French  survey  the  ehalk 
is  14  feet  below  the  rails.  In  it.  Prestwich's  section  of  tho 
same  place,  it  is  20  feet  above  the  rails.  This  differenee  of 
34  feet  added  to  the  error  in  llis  height  of  rails,  before  mentioned, 
of  31  feet,  makes  a  total  difference  of  65  feet  in  the  height  of 
the  chalk  between  Mr.  Piestwich  and  U.  Guillom,  supposing  I  am 
ciOTect  in  placing  Mr.  Prestwich's  section  on  the  line  NOP. 

Mr.  Prestwich  has  recently  informed  me  that  he  considers  his 
section  was  intermediate  between  the  lines  NOP  and  N  Q.  As  the 
railway-cutting  ceases  at  the  ballnst-pit  (fig.  12),  and  there  is  an  cm- 
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bankmont  to  the  west  of  tJiat  point  for  some  diettmce,  it  iB  difficult  to 
placo  Ht,  Prcetwicb's  section  at  any  other  point  than  where  I  sup- 
posed it  was  taken,  ou  account  of  the  configiiratiou  of  the  ground. 
Whether  there  was  chalk,  or  not,  at  any  one  point,  is  quite  imma- 
terial to  my  aqiumciit.  I  do  not  iind  the  Uonticrs  spction  at  all  ajt 
represented  by  Mr.  I'rcstwich  and  Sir  C.  I-yell.  (8ce  fig.  12,  ]>.  1 23.) 

The  Uonticre  section  appears  to  be  the  one  adopted  us  a  type  of 
the  Somme  district,  first  by  Mr.  Prestwich  and  aftenvards  by 
Sir  C.  Lyell.  Iloti  authora  represent,  in  aeveral  sections  of  the 
Somme,  a  great  extent  of  cbulk,  separation  highly  inclined  beds  of 
gniTol,  which  they  have  distinguished  in  age  by  its  position  above 
or  below  this  outerop  of  chalk,  as  upper-  and  lower-,  or  high-  and 
low-level  graveb.  IIib  sections  which  I  place  before  the  Society 
appear  to  me,  on  the  contrary,  to  show  that  this  distinction  is  not 
a  real  one,  but  that  the  deposit  of  gravel  is  one  and  continuous,  de- 
posited in  concavities  of  an  audent  chalk  valley,  and  is  not  highly 
inclined  as  represented  in  the  '  Antiquity  of  Man '  and  the  '  I'hiloso- 
phiuol  TransaetiuOB.' 

In  page  2(i4.  PhU.  Trans.  1364,  Mr.  Prestwieh  gives  a.  theoreti- 
cal account  of  tliu  view  he  takes  of  the  deposition  of  the  giavclH. 
Part  of  the  ujiper-level  gravels  are  represented  as  remaining  un- 
touched, while  the  valley  is  cut  down  50  feet,  and  u  newer  set  of 
gravels  deposited  at  lower  levels ;  my  sections  show  that  there  is 
no  evidence  of  any  such  action. 

The  same  views  are  extended  by  Mr.  Prestwich  to  the  loe«B 
deposits  ;  the  loess  of  St.  Acheul  is  considered  a  much  older  depo- 
sit than  the  loess  at  Moiiticrs. 

Mr.  Prestwich  lays  great  stress,  in  bis  paper  in  the  Society's 
Journal,  p.  nOO,  on  the  vuUey  being  too  large  to  admit  of  tbu 
poBsibiUt}'  of  iu  being  filled  with  wuU'r  up  to  a  height  of  100  fwl 
above  the  present  water-level. 

I  have  already  submitt^xl  tbe  ai^uuent  that  we  ought  to  judge 
of  the  height  of  a  flood  by  means  of  the  lUhna  it  has  left,  and  not 
by  any  theoretical  notions  of  oiir  own. 

In  1860,  twenty  inches  of  rain  fell  in  Seinde  iu  twenty-four 
hours,  in  a  flat  country  iutersected  by  rivers.  !Xine  girders,  weighing 
nearly  eighty  tons  each,  were  wasbcd  off  the  piere  by  the  Mulleer  Eiver 
fhim  the  Railway  Uridge,  situated  sixteen  miles  above  Kurraebee 
(flg.  13).  This  bridge  consisted  of  eighteen  girders  (see  Plate  IV. 
fig.  10.)  They  were  not  box  girders,  but  made  of  wrought  iron  on 
Warren's  ^stem.  The  bottoms  of  these  girders  were  sixty-five  feet 
above  high-water  mark,  spring  tides,  Eurrachco  Harbour,  and  se- 
venty-four feet  above  low-water  spring  tides.  They  fell  in  the 
course  of  six  hours ;  and  one  girder  of  the  weight  of  eighty  tons  was 
carried  two  miles  down  tbe  river,  and  nearly  buried  in  sand*.  Tbe 
section  of  the  riier  bridge  is  rc-prceented  (Plate  IV.  fig.  10).  The  fall 
of  the  Multoer  Itivcr  only  averaged  ten  feet  per  mile  for  fifteen  miles 

*  Mr.  Joliu  Brunloii,  F.Q.S.,  Chief  Engineer  of  the  Sdnde  BuIwb;,  wu  prv 
■ent  at.  iia  Meeting,  and  ranflriued  tLiii  itatemmt,  whidi  he  hid  previoualj 
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above  the  bridge ;  and  as  rain  rarely  falls,  there  is  generally  lees 
than  a  foot  of  water  in  tlie  river-bed.     This  bed  was  nearly  dry  the 


day  after,  as  n'ell  as  the  day  before  this  excessive  rainfall.  Other 
instaneesof  the  earae  kind  bate  been  reported  from  India.  The  river 
first  banked  up  wood  and  grass  against  the  bridge,  and  then  threw 
the  girders  over.  The  weight  of  these  girders  moved  in  a  river-bed 
ofthe  dimensions  given  (Plate  IV,  flg.  11) 'is  an  index  of  the  rainfall 
in  Scinde,  just  as  the  fluviutile  beds  at  Anijons  are  an  index  of  the 
current  of  the  Romme,  of  its  flood-level,  and  the  torce  of  its  stream. 
We  cannot  determine  the  rainfall  at  Amiens  in  the  Quaternary 
Period  except  by  its  resuita  in  the  form  of  gravel -deposits  ;  and 
these  appear  to  give  as  good  indicatious  as  the  fall  of  the  Mullcer- 
Bridge  girders  does  of  the  flood  in  that  river. 


(Bead  December -1.  I8fi7t.) 
[Plates  V.  4  VL) 
CoNTBsra. 
I,  Introduction. 

II.  DmcriptLun  of  the  Genera  and  Speciea  of  OraploUlcB. 
III.  AppMidii,  and  List  of  the  Speciea. 

I.  iNTBOBccriow. 

Thr  Skiddaw  BlatoB  form  the  baBO  of  the  great  Silurian  scries  of 
the  north  of  England,  and  compritie  a  group  of  rocks  entirely  without 
admixture  with  interstratified  igneous  matter,  attaining  a  tbicknesa 
of  abotit  7000  feet,  as  calculated  by  Prof.  Harkness.  Lithologicslly 
the  senes  consists  essentially  of  dark  indurated  abalos,  with  a  distinct 
cleavage,  "  having  intercalated  through  tbem  coarser  strata,  almost 
devoid  of  cleavage,  possessing  a  flaggy  nature,  and  affording  fos- 
sils "  +.  No  distinct  subdivisione  can  be  drawn  either  on  strati- 
*  Fie*.  10  and  1 1 ,  Plato  IV,  ara  from  drawingH  supplied  bj  Hr.  W.  A.  Bruii- 
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graphical  or  on  pal»onb>lc^cal  grounds,  the  beds  being  everywhere 
conformable  and  of  nearly  similar  htholc^ical  aspect,  whUe  most  of 
the  characteristic  fossils  ore  found  throughout.  The  upper  beds  of 
the  seriea,  however,  are  more  shaly,  softer,  and  darker  in  colour  than 
the  lower,  whilst  tho  peculiar  genera  Diehograpiv*  and  Tttragraptu* 
do  not  seem  to  be  represented  in  them,  and  there  is  a  slight  admix- 
ture  of  Upper- Llondeilo  types. 

When  the  Skiddaw  Slates  were  first  studied  by  Professor  Sedgwick, 
two  Graptolites,  and  some  obscure  tracks  (the  so-oolleii  "fucoiih  ") 
constituted  all  their  known  organic  remains ;  and  the  group  was 
therefore  considered  by  him  the  probable  cquivaltnt  of  the  Long- 
mj'nd  or  Cambrian  Formation  (soo  Synopsis  Urit.  I'ul.  Foss,  Intro- 
duction, p.  xxi).  Since  then,  however,  and  mainly  by  the  researches 
of  Prof.  Kurkness,  we  have  become  acquainted  with  a  large,  if  not 
very  varied,  fauna  from  the  Slates,  and  we  arc  thercl>y  enabled  to 
refer  tho  entire  group  with  certainty  to  tho  ago  of  the  I-ower 
ZJandeilo  rocks.  At  home  the  Skidduw  Slates  liavo  no  positive 
equivalent,  but  abroad  Iheyfind  on  unquestionable  representative  in 
the  Qnebec  group  of  Canada. 

The  fossils  of  tlie  Skiddaw  series  include  a  large  and  remarkable 
group  of  Graptohtt's,  and  a  few  remains  of  animals  higher  in  the  scnle 
of  creation.  These  hitter  comprise  acommon  Phyllopod  crustacean,  the 
Carijoeat-is  Wri<jklii,  a  new  Phaeopt  which  Mr.  Baiter  has  done  me 
the  honour  to  name  P.  Nieholioni,  Agnottui  Morei,  .Eglina  bimdoM, 
and  fragments  apparently  belonging  to  a  largo  Ogygia.  A  Ditcina 
is  mentioned  (Cut.  Fossils  in  the  Jennyn  Street  Ituscum)  as  occur- 
ring at  Skiddaw :  and  I  have  likewise  found  a  small  Linguta,  of 
not  uncommon  occurrem:*,  considered  by  ITr.  Davidson  to  be 
L.  brn-is.  Lastly,  there  occur  numerous  Annelid-burrows,  and 
worm-tracks,  to  which  may  be  referred  the  Patcxorhortfa  major. 
P.  minor,  and  Ckotvlrites  neutangulvt  of  M'Coy,  all  properly  belonging 
to  the  genus  Helminlhitei  of  Stdter  (Mem.  Geol.  Survey,  vol.  iii.). 
The  great  bulk,  however,  of  the  organic  remains  of  tho  Skiddaw 
Slates  consists  of  Graptolites  ;  and  the  remarkable  point  about  these 
is  their  close  resemblance  to,  and  in  many  cases  specific  identity 
with,  the  Graptolites  of  tho  Quebec  group  of  America,  which  have  been 
so  ably  described,  and  so  beautifully  illustrated  by  Prof,  James  Hall 
(Geol.  Surrey  of  Canada,  Decode  ii.).  The  Skiddaw  Graptolites  have 
been  briefly  noticed  by  Mr,  Salter  (Quart.  Joum.  Geol.  Soo.  voL  xix. 
p.  165),  who  gives  a  list  of  fourteen  species  as  then  known  to  him. 
Some  of  these  I  have  Ibund  it  necessary  to  omit;  but  the  materials  now 
in  my  hands  enable  me  to  raise  the  total  number  of  species  to  twenty, 
belon^g  to  six  genera,  and  forming  a  peculiar  and  unique  assem- 
blage. As  regards  their  distribution  they  maybe  divided  into  three 
groups.  The  first  of  these  comprisee  forms  which  are  entirely  con- 
fined, OS  &r  as  we  yet  know,  to  this  particular  horizon,  and  which 
are  referable  to  die  genera  Difhograptua,  Tttragmpna,  and  I%yl- 
lograpna.  In  America  various  other  genera  belong  to  this  section, 
which  have  not  hitherto  bc«n  found  in  Britain.  The  woond  division 
comprises  species  belonging  to  the  coamopolitan  genors  Diph- 
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grapsus  and  Didymograpsus,  which  are  not  known  to  transgress 
the  limits  of  the  Lower  Llandeilo  rocks.  Some  of  these,  as  Diplo- 
grapsHS  antennariuSy  Didymoyrapsus  V-fractus,  &c.,  are  exclusively 
confined  to  the  Bkiddaw  and  Quebec  groups ;  whilst  others,  as 
Didymoyrapsus  yeminus  and  D.  hirundo,  occur  commonly  in  other 
parts  of  the  Lower  Llandeilo  series,  and  in  other  localities.  In  the 
third  section  neither  are  the  genera  |)eculiar,  nor  are  the  species 
exclusively  of  Lower-Llandeilo  age  ;  but  this  division  includes  forms 
(such  as  Diployrapsus  teretiusciduSy  His.)  which  are  of  conunon 
occurrence  in  the  Upper  Llandeilo  rocks,  and  which  seem  to  be  ex- 
clusively limited  to  the  Upper  portion  of  the  Skiddaw  series. 

In  examining  the  species  proi)er  to  the  Slates,  I  shall  briefly 
consider  the  generic  forms,  with  especial  reference  to  those  which 
are  peculiar  to  this  horizon,  and  characteristic  of  it,  since  there 
exists  considerable  divergence  of  opinion  as  to  their  classification 
and  nomenclature. 


II.  Description  of  the  Geneba  and  Species  of  Gbaptolites. 

Genus  Dichograpsus,  Salter. 

This  genus  was  proposed  by  Mr.  Salter  to  include  certain  complex 
Graptolites  of  the  Skiddaw  and  Quebec  scries,  the  essential  part  of 
the  original  definition  being  the  possession  of  a  '^  frond  repeatedly 
dichotomous  from  a  short  basal  stipe  into  8, 1 6, 24,  or  more  branches, 
each  with  a  single  row  of  cells,"  the  lower  part  of  the  stipes  being 
enveloped  by  a  corneous  cup  (see  Geologist,  vol.  i.  p.  74,  and  Quart. 
Joum.  Geol.  Soc.  vol.  xix.  p.  139).  Prof.  Hall,  however,  in  his 
work  on  the  Graptolites  of  the  Quebec  group,  rejected  the  genus 
entirely,  and  placed  all  the  species  belonging  both  to  Dichograpsus 
and  to  Teiragrapsus  in  his  utterly  imA^ieldy  genus  Graptolithus. 
The  more  complete  materials  now  at  our  command  have  no  doubt 
shown  that  Mr.  Salter  was  in  error  when  he  made  the  dichotomous 
division,  the  even  number  of  the  branches,  or  the  possession  of  a 
corneous  disk  an  essential  point  of  the  diagnosis ;  for  all  these  charac- 
ters are  absent  in  some  Dichograpsi :  still  the  genus  appears  to  be 
both  natural  and  convenient,  and  there  seems  to  be  no  adequate 
reason  for  its  rejection.  In  point  of  fact,  the  reason  which  induced 
Hidl  to  include  various  branching  forms  in  the  genus  Oraptolithus 
was  the  mistaken  belief  that  the  simple  monoprionidiau  Graptolites, 
sach  as  (?.  Sedgwickii,  O.  Sagittarius,  G,  priodon,  <&c.,  had  no  real 
existence  in  nature,  but  that  they  were  always  fragments  of 
compoond  species.  The  phenomena,  however,  observed  in  Britain 
and  on  the  Continent  render  it  unquestionable  that  such  simple 
forms  do  absolutely  exist ;  and  to  these,  therefore,  the  genus  Qrap- 
toUthus  should  be  in  future  restricted.  At  the  same  time  it  must  be 
freely  admitted  that  in  the  absence  of  perfect  specimens  it  is  often 
extremely  difficult  to  settle  the  generic  position  of  a  spedes,  and 
that  in  some  cases  it  may  even  be  impossible. 

The  characters  of  the  genus  Dichograp§us,  as  defined  by  our  present 
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knowlcdj^i?.  nre  the  possessioa  of  a  frond  composed  of  a  rarialilc 
number  (always  ciorc  than  four)  of  simple  stipes,  united  eentrally  at 
the  base  by  a  non-cellulifcrous  stem  or  "  fimiclo."  The  primary 
subdivisions  of  the  fiuiiclc  arc  always,  and  the  secondary  sTib^Tisiona 
gcncrully,  non-ecllulifcroua  (Dicfwyrapmu  MiUti,  Hall,  sp.,  being 
tho  only  form  in  wliich  the  reverse  is  certainly  the  case).  The 
stipes  arc  monoprionidian,  and  arc  given  eff  trom  the  fiinicle  in  a 
radiating  manner.  Tlio  divisions  of  the  funicle  are  sometimes,  but 
not  always,  cnvelopwl  by  a  comt'ous  disk. 

In  the  typical  species  of  tho  genus,  namely  D.  Logani,  Hall,  sp,, 
and  I),  oetiihrarhiatm.  Hall,  sp,,  the  cellnliferous  stipes  are  never 
divided,  but  the  frond  hecamcs  compound  simply  by  the  branch- 
ing of  the  funicle ;  in  these  also  the  central  disk  is  usnoUy  present, 
though  not  uniformly  so.  In  another  group,  of  almost  subgeneric 
value,  comprising  D.fltxiUs,  Hall,  D.  rigidvs.  Hall,  D.  wuilipUx, 
Nich.,  and  other  species,  the  cclluliterouB  branches  are  themselves  sub- 
divided, BO  that  the  frond  becomes  doubly  compound,  'whilst  the 
central  disk  appi-ars  to  have  been  constantly  absent.  The  lact  that 
the  central  disk  is  ]irescnt  in  some  Dichor/rapsi  and  wanting  in 
othei-s,  not  being  uniformly  present  in  different  individuals  of  the 
same  species  even,  whilst  it  occurs  also  in  some  species  of  Tetra- 
gmpatu,  is  sufflcioiit  to  show  that  it  cannot  be  considered  a  generic 
character.  It  appears  to  be  eomposed  of  two  corneous  laminic, 
united  at  their  eilgcs,  but  enclosing  a  central  cavity ;  end  it  is 
believed  by  Prof.  Huxley  and  Mr,  Salter  to  be  most  closely  analogous 
to  the  basal  plate  oi  Drfranc'M,e.  Polyzoon,  I  am,  however,  inclined 
to  believe  that  a  much  more  feasible  homologuo  is  to  be  found  in  the 
"  float''  or  "  pnenmntophore  "  of  the  Physophorida,  on  order  of  tho 
Oceanic  Hydroioa.  This  view  is  rendered  more  probable  by  the 
occnrrence  of  a  somewhat  similar  disk  in  some  specimens  of  Diplo- 
grapiat  hkornii,  Hall,  as  originally  pointed  out  by  Hall ;  and  I  have 
observed  the  same  phcnomenou  in  a  spceics  of  Diplngrvpsut  allied 
to  1).  pnlwfiia.  Dorr,,  from  tho  Graptohtiferous  rocks  of  Dumfriee- 
shire.  If,  however,  this  conjecture  be  correct,  we  should  have  to 
believe  that  this  organ  was  developed  only  at  certain  stages  of 
growth,  in  certain  indinduals  of  the  species,  and  probably  for 
certain  definite  purposes.  Indeed,  in  Diplograpgvt  bicomis.  Hall, 
an  unbroken  scries  of  gradations  can  be  traced,  from  those  indi- 
viduals in  which  tho  di^  ia  wholly  wanting,  up  to  othus,  in  which 
it  is  largely  developed, 

Tho  species  of  Bichograpsut  known  to  me  as  occiuring  in  the 
Skiddaw  Slates  are  throe  in  number,  namely  D.  Logatn,  Hall,  D. 
oriohrofJiiatta,  Hall  i=D.  Sedgvneiii,  Salt.),  and  D.  mvJt^Ux, 
Nich.,  of  which  the  last  is  new,  whilst  the  other  two  are  veil- 
known  Canadian  forms, 

1,  DicnosRAPSus  LoGAKi,  Hall,  sp. 

Graptolithiia  Logani,  Hall  (Pal,  N.  York,  vol.  iii,,  and  Orapto- 
litcB  of  the  Quebec  group,  p.  100,  pi.  ix.). 
This  is  a  veiy  bcanliflil  and  ohancteristie  Canadian  spedes,  of 
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which  I  was  fortunate  enough  to  discover  the  only  specimen  hitherto 
found,  at  Outorside  near  Keswick.  It  is  recognized  at  once  by  the 
numerous  simple  stipes  springing  from  the  central  branched  funicle, 
but  not  themselves  subdividing.  The  mode  of  division  of  the  funi- 
cle,  and  consequently  the  number  of  the  stipes,  is  not  constant ;  but 
the  branches  are  usually  symmetrical  in  the  same  individual,  vary- 
ing in  number  from  18  to  25,  but  not  exceeding  the  former  number 
in  the  specimen  before  me.  The  subdivisions  of  the  funicle  are 
usually  embraced  by  a  corneous  disk ;  but  in  many  specimens  this 
is  either  not  developed,  or  it  has  been  lost  previous  to  fossilization. 
The  cellules  vary  in  number  from  22  to  2G  in  the  space  of  an  inch ; 
the  denticles  are  acute  and  angular,  with  their  upper  margins  (the 
cell-apertures)  nearly  at  right  angles  with  the  axis,  and  not  at  all 
unlike  the  adult  form  of  O,  sagitUiritis,  Linn.  The  breadth  of  tlie 
stipes  is  not  great,  the  maximum  in  my  specimen  being  about  ^  of 
an  inch. 

Loo,  Outerside,  near  Keswick. 

2.    DiCHOGRAPSUS  0CT0BRACHIATU8,  Hall,  Sp.       PI.  V.  figS.  1,  2. 

Oraptolithus  octohmchiatus.  Hall  (Geol.  Survey  of  Canada, 
Report  for  1857 :  also  Graptolites  of  the  Quebec  group, 
p.  96,  pis.  7  <fe  8). 

Dichograpsus  Sed/jwichii,  Salter  (Quart.  Joum.  Geol.  Soc. 
vol.  xix.  p.  138). 

Dichograpsus  aranen,  Salt. 

This  species  is  of  very  rare  occurrence  in  the  Slates ;  and  I  am 
unable  to  find  any  undoubted  specimen  of  it  in  the  collection  of 
either  Prof.  Harkness  or  myself.  It  was  first  noticed  in  Britain  by 
Mr.  Salter*,  who  named  it  Z).  Sedgwichii ;  but  Hall's  name  (with 
the  date  of  1857)  appears  to  have  the  priority,  and  I  have  there- 
fore adopted  it.  The  frond  consists  of  eight  simple  stipes,  arising 
from  a  short  funicle,  which  is  furnished  with  a  median  radicle. 
The  funicle  divides  dichotomously,  so  as  to  give  rise  to  eight  short 
radiating  non-celluliferous  branches,  which  are  prolonged  into 
the  same  number  of  monoprionidian  stipes.  Unlike  the  preceding 
species,  the  number  of  stipes  appears  to  be  constant,  or  nearly 
so,  and  can  therefore  be  used  as  a  specific  character.  There  is 
almost  invariably  a  central  disk  surrounding  the  divisions  of  the 
funicle  (PI.  V.  ^^,  1);  but  it  may  in  some  cases  be  absent,  as  in 
the  specimen  figured  by  Mr.  Salter.  The  cellules  are  about  20  in 
the  space  of  an  inch  ;  the  denticles  are  well  marked ;  and  the  sepa- 
rated stipes  probably  constitute  one  of  the  forms  upon  which  the 
Graptolites  latxis  of  M*Coy  was  founded  (PL  V.  fig.  2). 

Loc,  Braithwaite,  near  Keswick;  Mire  House,  near  Skiddaw(?). 

3.  DicnoGBAPSUS  multiplex,  Nicholson.     PL  VI.  figs.  1-3. 

I  have  referred  this  unique  and  extraordinary  GraptoHte  to  the 

*  In  the  Geologist,  toI.  i.  1861, 1  believe,  but  I  am  unable  to  refer  to  a  copy 
of  this  work. 
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genus  Dkhogrijpgas,  to  which  it  appears  properly  to  belong.  Owing, 
however,  to  the  bad  preservation  of  this  as  of  most  of  the  Skiddaw 
Qraptolit«8,  hardly  any  distinctions  of  any  value  can  be  drawn  from 
the  rainuter characters  of  the  frond;  and  the  generic  position  must 
be  mainly  determined  bj-  the  mode  of  branching.  The  apecinicD 
before  rac,  the  only  one  liitherto  discovered,  is  from  the  cullcctioii 
of  Prof.  Harkne«s,  ajid  cniitaina  the  remains  of  two  individuals. 
The  i>erf('ct  frond  consists  of  four  compound  branched  stipea,  sining- 
ing  from  a  central  fnnicle  ;  so  that  it  might  be  cousiilcrcd  a  com- 
pound Tttntffmjitus.  The  length  of  this  central  porlion,  or  "  vin- 
eulum,"  is  from  -|lj[  to  -j^  of  an  inch ;  and  it  appears  to  be  really 
devoid  of  cellules,  thus  constituting  a  tnie  "  fuuiile."  It  divides 
at  cither  extremity  into  two  branches;  but  I  am  unable  to  make 
out  whether  these  bear  cellules  or  not,  and  nm  therefore  uncer- 
tain where  the  funicle  ends  and  the  cellnliferous  stipes  begin.  Each 
of  these  four  divisions  (which  are  probably  parts  of  the  funicle)  then 
divides  into  two,  the  branches  thus  produced  repeatedly  Hubdi^-iding  in 
a  similar  dichotonious  manner,  at  intervals  of  from  ^  to  1  inch,  and  at 
angles  of  from  50°  to  (iU".  The  single  stipes  are  monoprionidian, 
about  Jn  of  a"  int^h  i"  breadth,  without  any  well-marked  aii8,but  with 
a  conspicuous  common  canal.  The  ccllijes  ore  verr  badly  preserved, 
there  being  apparently  about  16  in  the  apace  of  an  inch  ;  the 
denticles  are  prominent  and  angular,  but  are  too  imperfectly  re- 
tained for  further  iinrticulariiation.  In  one  individual,  one  of  the 
main  stipcs.-with  its  subdivisions,  attains  a  length  of  7  inehea, 
without  showing  any  nigns  of  a  termination  ;  so  that  the  breadth 
of  the  entire  Irond  must  have  been  more  than  14  inches.  Di- 
rhograpKu*  multijile,r,  from  its  mode  of  division,  is  obviously  and 
closely  related  to  that  group  of  the  Quebec  Dichogmpsi  which 
contains  GraptoliikM  JUxilii,  O.  rigidvi,  and  G.  ahnormit  of  Hall ; 
and  as  these  are  devoid  of  any  central  disk,  it  is  probable  that 
this  species  also  wanted  that  appendage.  It  differs  from  the  above 
Canadian  species  in  its  much  greater  size,  iu  its  more  regular 
dichotomouB  division,  and  in  the  nearer  approach  apparently  made 
by  the  cellules  to  the  central  portion  of  the  frond. 
Loc.  Near  Pcclwyke,  Bossenthwaite. 

Genus  Tetba8b*p817b,  Salter. 

Like  the  last,  this  genus  was  founded  by  Kr.  Salter,  but  was  mihse- 
qoently  rejected  by  Prof.  Hall,  chiefly  upon  the  ground  of  not  being 
leodily  applicable  to  any  but  perfect  Bpedmene.  The  remai^,  how- 
ever, which  I  have  alre«dj  made  as  to  the  expediency  of  retaining  the 
genus  Diehograpta*  apply  with  equal,  if  not  with  greater,  foroe  to 
Tetragraptia,  for  whidk  Mr.  Salter's  definition,  with  some  altera- 
tion, is  quite  suffldost.  The  essential  obaracten  of  the  genus  oon- 
iist  in  the  possession  of  a  frond,  which  is  composed  of  four  mono- 
prionidian simple  stipes,  arising  from  a  central  non-ceUuliferona 
ftmiole,  which  bifurcates  at  both  ends.  The  celluliferous  bnuu^us 
do  not  subdivide ;  and  there  may  he  a  central  disk  or  not.     Three 
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species  of  Tetragrapsus  occur  in  the  Slates,  all  well-known  Cana- 
dian forms,  viz.  T,  bryonoicUs,  Hall,  T.  quadrihrachiatus.  Hall, 
and  T.  Headi,  Hall ;  but  several  other  species  are  found  in  the 
Qaebec  group,  and  may  subsequently  be  recognized  in  Britain. 

4.  Tetkaokapsus  Headi,  Hall. 

Oraptolithiis  He<idiy  Hall  (Grapt.  Quebec  group,  p.  94,  pi.  5. 
figs.  11,  12,  pi.  6.  fig.  8). 

A  single  specimen,  apparently  belonging  to  this  species,  has  been 
found  at  Barff,  and  is  now  in  the  possession  of  Pro^  Harkness. 
As  the  cellules  are  not  exhibited,  it  is  somewhat  uncertain  whether 
the  form  is  T,  Headi,  Hall,  or  T,  crucifer,  Hall ;  but  the  shape  of  the 
disk  more  closely  resembles  that  of  a  small  specimen  of  the  former. 
The  firond  consists  of  four  stipes  arising  from  a  short  funicle,  the 
divisions  of  which  are  embraced  by  a  corneous  disk.  The  diameter 
of  the  disk  is  about  -^(^  of  an  inch  from  side  to  side ;  and  its  form  is 
four-sided,  oblong,  or  somewhat  diamond-shaped,  owing  to  its 
being  prolonged  for  a  short  distance  along  the  stipes.  The  stipes 
are  narrow  at  their  origin,  but  widen  out  to  about  -^  of  an  inch  in 
breadth.  The  cellules  are  not  displayed  at  all;  but  according  to 
Hall  they  are  about  24  in  an  inch,  elongate,  and  with  submucronate 
denticles. 

This  unique  specimen  is  the  only  one  yet  found  in  the  Skiddaw 
Slates  in  which  the  central  disk  is  retained. 

Loc,  Barff,  near  Keswick. 

5.  Tetragbapsus  QUADRiBEACHiATrs,  Hall,  sp. 

Teirayrapus  crucialisy  Salt.  (Quart.  Joum.  Soc.  vol.  xix.  p.  138). 
GraptoUthus    quadrihrachiatus    HaU   (Grapt.   Quebec   group, 
p.  91,  pi.  5.  figs.  1-5,  pi.  6.  figs.  5,  6). 

This  rare  species  would  be  more  appropriately  designated  by  the 
specific  name  of  "  cretc/a/w"  than  by  that  of  *^  quadribrachtatus;"' 
but  the  date  of  the  latter  is  earlier.  The  frond  consists  of  four 
simple  monoprionidian  stipes,  given  off  by  a  funicle  of  variable 
length,  two  from  each  extremity.  The  stipes  diverge  widely  from 
their  origin,  but  are  8}Tnmetrical,  unless  distorted  by  pressure;  and, 
when  well  preserved,  the  stipes  arising  from  opposite  ends  of  the 
funicle,  and  from  its  opposite  sides,  are  parallel  with  one  another, 
80  as  to  form  a  figure  like  the  letter  X.  The  stipes  are  narrow  at 
their  origin,  never  attaining  a  great  width ;  and  the  cellules  are 
from  22  to  24  in  an  inch.  The  denticles  are  acute,  but  are  not 
produced  or  mucronate  as  in  T.  bryonoides.  Hall ;  and  no  disk  has 
ever  been  discovered  to  be  present  in  this  species. 

Loe.  Outendde,  near  Keswick. 

6.  Tetraorapstts  brtokoides.  Hall,  sp. 

GraptoUthus  bryonoideSy  Hall.     (Grapt  Qaebec  group,  p.  84, 

pi.  4.  figs.  1-11). 
Didymograpius  caducetis.  Salt.  (Quart.  Joum.  Oool.  Soc.  voL 

arix.  p.  137,  fig.  13  a  6). 
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Oraptoliles  ialut,  il'Coy  (in  part)  (Quart.  Journ.  Geol.  Soc- 
Tol,  It,). 

This  ia  hj  tat  the  commoDeet  speciee  of  Tetrograpwa  in  UiB 
Bkiddaw  Slates,  and  is  certainly  identical  with  the  Canadian  form. 
AH  the  specimena  also  of  Didjfmograptvs  caduetut,  Salt.,  which  I 
have  seen  &om  the  Skiddaw  Slates  are  likewise  referable  to  tiua 
apedee ;  and  it  is  further  one  of  the  commonest  Bources  of  the  Orap- 
talitft  latut  of  U'Coy.  The  frond  oonaista  of  four  simple  atipefl, 
which  spring  from  a  short  central  funide,  and  are  almost  always 
characteristically  reSexed.  The  stipes  are  narrow  at  their  origin, 
hut  rapidly  expand,  some  to  a  width  of  -jl  of  an  inch,  again  con- 
tracting towards  their  distal  extremities.  Tho  cellules  aie  &om  20 
to  24  in  the  space  of  an  inch,  the  denticles  pointed,  and  the  lower 
margin  of  the  ccll-aperture  strongly  produced,  and  almost  mucro- 
nate,  so  as  to  render  the  outline  of  the  cell-mouth  curved.  The  four 
stipes  are  seldom  all  visible  at  the  same  time  in  any  single  Bpecimen, 
one  pair  being  almost  always  better  exhibited  than  the  other; 
hut  great  variations  in  this  respect  exist  in  different  indiriduala. 

Lot.  Barff,  Outerside,  FrouengilL 

Geuus  Phtxloorafstts,  Hall. 

In  this  genus,  aceording  to  Hall,  the  frond  consists  of  "  foliiform 
stipes,  which  ore  celluliferous  upon  the  two  opposite  side^,  the  margins 
having  a  mucronate  extension  from  each  cellule."  PhyUojjrapiua 
differs  from  Diplogixiptut  in  the  fact  that  in  the  latter  the  frond 
consists  of  two  simple  stipes  united  by  their  axes,  whilst  in  the 
former  the  frond  is  comprised  of  four  such  stipes  united  bock  to 
back  by  their  solid  axes.  It  is  poesible,  as  eonjectuied  by  Hall, 
that  PJiyniMfrapfus  was  really  doubly  compound,  many  fronds  being 
united  to  one  another  at  their  proximal  extremiriee ;  but  I  hara  met 
with  no  specimens  which  would  countenance  this  view.  It  is  some- 
what curious  that,  of  all  the  genera  which  are  exclusively  confined 
to  the  Skiddaw  series,  this  is  the  only  one  which  is  known  to  oociir 
in  the  upper  beds  of  the  group. 

7.  PBTLLoeairfrs  Axermfours,  HalL      (Grapt   Quebee   EKmp, 

p.  125,  pL  10.  figs.  17-21.) 

In  this  speeiM  the  fhinda  are  "  elongato-elliptical,  or  elongftto- 
lanceolate,"  the  widest  portion  being  a  little  above  the  base.  The 
oidiaaiT  length  of  the  frond  is  1 J  inch ;  hat  I  hare  found  qMci- 
irens  which  reach  a  length'of  ne«irly  i  iachca,  being  }  of  an  inoh 
in  excMs  of  the  longest  observed  by  HalL  Hm  oeUnlcs  in  my 
qwctmens  are  about  %1  in  the  space  of  an  inch  (accotding  to  W«", 
S4),  sligfatlv  curved,  wida  st  the  apertoie  than  inteimdif,  tha 
hiwer  margin  at  the  oeO-moatb  being  pnloBgcd  into  n  strong  tri- 
angular mucro,  which  i>  woally  sonvwhat  dedexad.  llicx«  are 
IndieatioDs  of  a  eentral  axis :  but  thna  in  not  -wrU  nazkcd.  Thit 
bcaatiAil  spadn  is  aBtrih»iladth«iQ^i»iaBMtiw.afcYhh»r^iiiw, 
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and  I  have  obtamed  excellent  specimens,  in  situ,  from  some  of  the 
highest  beds  at  Ellergill,  near  Millburn. 

Loe,  Barff;  Outerside ;  Whiteside,  near  Crummock;  Skiddaw 
Longside ;  Ellergill,  in  Westmoreland. 

8.  PHYLLoeiuLPavs  TTPUs,  Hall.     PL  Y.  fig.  16.     (Ghrapt.  Quebec 
gronp^  p.  119,  pL  15.  figs.  1-12.) 

This  form  differs  from  the  above  chiefiy  in  the  shape  of  the  firond, 
which  is  "  elongato-oyate  or  lanceolate,  broad-oval  or  obovate,'* 
and  likewise  ?n  Uie  fact  that  the  apertures  of  a  third  row  of  cellules 
are  always  exhibited.  The  shape  and  size  of  the  frond,  however, 
are  very  variable,  and  too  much  stress  should  not  be  laid  upon 
this  character  alone.  The  cellules  are  about  24  in  an  inch,  the 
apertures  being  mucronate,  though  the  mucrones  are  not  so  pro- 
nounced as  in  P.  angustifolius, 

Loc.  Barff,  near  Keswick ;  and  Skiddaw  Longside. 

Genus  Didymog&apsus,  McCoy. 

This  genus  contains  those  Graptolites  in  which  the  frond  con- 
sists of  two  simple  monoprionidian  stipes,  diverging  from  a  mucro- 
nate "  initial  point"  or  "  radicle."  The  radicle  is  occasionally 
rudimentary,  as  in  D,  sextans,  Hall,  and  D,  hifiduSy  Hall  (in  some 
cases),  or  is  even  apparently  absent,  as  in  most  specimens  of  D. 
ancepsy  Nich.  The  genus  Didymograpsxis,  beyond  all  doubt,  in- 
cludes a  series  of  perfect  and  unbroken  forms,  which  never,  at  any 
time  of  their  existence,  constituted  factors  of  compound  organisms ; 
though  Hall  adopts  this  latter  view,  and  includes  the  whole  group 
in  his  genus  GraptoUthus,  It  cannot,  however,  be  questioned 
that  such  compound  forms  would  have  been  discovered,  had  they 
really  existed,  amongst  the  thousands  of  specimens  which  have  been 
exhumed  from  the  Silurian  rocks  of  Scotland  and  Wales ;  and  the 
absence  of  any  traces  of  such  is  ample  proof  that  Hall's  conjecture 
is  without  sufficient  foundation. 

Seven  species  of  Didymograpsus  are  known  to  me  as  occurring 
in  the  Skiddaw  Slates,  of  which  three  are  new  to  Britain.  Of  the 
entire  number,  three  are  confined  to  this  horizon,  viz.  /).  V.-fractuSf 
Salt.,  />.  nitidus,  Hall,  and  D.  hifidus,  Hall ;  two  are  well-known 
Lower-Iiandeilo  forms,  viz.  2).  geminus,  His.,  and  />.  patidtu.  Hall 
(=iD,  hirundoy  Salt.) ;  whilst  two  are  common  to  the  Upper  ULan- 
deilo  and  Caradoc  rocks,  viz.  D.  serratidus,  Hall,  and  D.  sextans^ 
Hall 

9.  DiDTifoeRAPsxTS  cABXTCEtrSy  Salter. 

This  WRS  originally  described  by  Mr.  Salter,  from  Canadian  speci- 
mens, as  a  distinct  species  (Quart.  Joum.  Geol.  Soc.  vol.  ix.  p.  87)y 
and  was  afterwards  nob'ced  by  hfm  fro:n  the  Skiddaw  Slates  {ibid. 
voL  xix.  p.  138).  It  was,  however,  subsequently  rejected  by  Hall, 
on  the  ground  that  the  species  had  been  founded  on  specimens  of 
T€tragrap9UB  bn  Mndes,  Hall,  in  which  two  only  of  the  stipes 

l2 
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irere  visible  in  fuU,  whilst  the  apparent  radicle  was  consti- 
tuted by  a  email  portion  of  a  third  sdpe.  Whethor  tliia  explana- 
tion applies  to  the  specimenfi  originally  deBcribed  by  Mr.  Salter,  I 
do  not,  of  ooursc,  protend  to  say,  though  the  probabilities  are  in  its 
£aToar.  Certainly,  in  a  large  series  of  apecimona  from  tbo  Skiddav 
Slates,  I  hare  been  able  to  find  none  in  which  it  would  not  acconut 
for  the  phenomena  obserrod.  Whilst  it  is  possible,  therefore,  that 
there  may  really  exist  a  distinct  species  witb  the  characters  of  D. 
tadu£tm,  Salt.,  it  certainly  appean  not  to  occur  in  the  Skiddaw 
Slates,  since  all  specimens  which  coald  be  referred  to  this  species, 
when  well  preserved,  show  traces  of  a  tliird,  and  even  sometimes  of 
a  fourth,  stipe. 

10.  DiniHooRAPSiis  V-poACTCB,  Salt.      (Quart.  Joum.  Oeol.  Soc. 
vol.  xix.  p.  137,  f.  13  «.) 

This  rare  and  elegant  species  is  characterized  by  the  fact  that 
tbe  stipes,  after  proceeding  upwards  from  the  short  radicle,  bend 
abruptly  outwards,  so  as  to  enclose  a  much  more  open  angle  than 
the  primary  angle  of  divci^onco.  In  all  other  particulars  it  is 
almost,  if  not  quite,  identical  with  D.  palultu,  Hall  {^D.  kiruado. 
Salt.),  of  which  it  may  possibly  bo  a  variety.  The  cellules  are  on 
the  upper  or  inner  side  of  tbo  frond,  i.  e.  on  the  side  remote  from 
the  radicle,  and  appear  to  resemble  in  shape  those  common  to  the 
majority  of  the  Skiddaw  GraptoUtes,  being  long,  narrow,  and  pro- 
vided with  a  strong  submucronate  extension  of  the  proximal  lip  of 
the  ccll-apcrture.  The  species  is  said  by  Mr.  Saltw  to  be  closely 
allied  to  D.  Pantonl,  H'Coy,  from  the  GraptolitiferouB  rocks  of  Vic- 
toria. 

11.  DioiHosuAFscB  BxXTAHB,  Hsll.     PbL  Ncw  Tork,  vol.  L  p.  273, 
pi.  74.  fig.  3. 

D.  uxtam  is  given  by  Mr.  Salter  in  his  list  of  Oraptolitrs  trotn  the 
Bkiddav  Slates ;  but  I  have  never  seen  any  specimen  of  it  from  this 
horizon.  It  is  somewhat  peculiar  among  the  Didymoijrapsi,  from 
the  fact  that  the  ccUoles  are  placed  on  the  lower  or  outer  side  of 
the  &ond,  i.  e.  on  the  seme  ude  as  the  radicle.  It  occurs  in  the 
Utioa  Slate  in  America  (Caradoo),  and  in  great  abundance  in  cer- 
tain beds  in  Dumfriesshire  (Upper  Llandeilo),  and  it  is  too  woll 
known  to  need  description, 

Loe.  Braithwaito  Brow. 

12.  DiDmceBAPSDs  quukus,  EJsinger  (Leth.  Suecica,  Supp.  ii,). 
PLV.  figs.  8-10. 

lliiB  well-known  Swedish  speoiea  occun  very  plentifully  in  the 
Skiddaw  Slates,  though  seldom  well  preserved.  The  form  usually 
figured  as  J),  ggminwt  (see  *  Siluria '  Fossils  8.  fig.  8,  and  Lyell's 
•  Elements,'  p.  663,  fig.  656)  is  in  realiW  D.paliUu*, Hall  {mD.hi- 
rvndo.  Salt.).  In  the  true  spedes  the  frona  consiste  of  two  small 
■tipes  arising  frvm  a  long  and  slender  radicle,  at  first  curving  ont- 
Tuds,  and  then  running  mors  or  len  nearly  parallal  wi&  (ma 
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another  for  a  distance  of  ^  to  ^  an  inch.  The  stipes  do  not,  as  a 
role,  diverge  at  an  angle  as  large  as  in  the  specimen  figured  by  Mr. 
Salter  (Mem.  GeoL  Survey,  vol.  iii.  p.  331,  pi.  ii.  B.  fig.  8),  whilst 
their  length  may  be  more  than  twice  as  great.  The  ceUules  are  on 
the  upperside  of  the  frond,  or  on  the  side  remote  from  the  radide, 
but  are  either  not  shown  at  all,  or  are  extremely  badly  preserved ; 
the  denticles  are  angular,  and  the  cell-mouths  at  right  angles  to  the 
axes.  Curiously  enough,  D.  geminus  does  not  appear  to  occur  at  all  in 
the  Quebec  group,  though  it  b  such  a  characteristic  Lower-Uandeilo 
species  in  Europe. 

Loc.  Outerside ;  Barff ;  Bannerdale  Fell,  near  Mungrisedale. 

13.  DiBTKoeRAPSTrs  PATVLus,  Hall,  sp. 

Oraptoliihus  patutuSy  Hall  (Grapt.  Quebec  Group,  p.  71,  pi.  1. 

figs.  10-15). 
Didymograpsus  hirundo,  Salt.  (Quart.  Journ.  Geol.  Soc.  vol.  xix. 

p.  137,  fig.  13/,  and  Mem.  Geol.  Survey,  vol.  iii.  pi.  2.  B.fig.  6). 

I  am  unable  to  discover  any  important  appreciable  difference 
between  the  species  described  under  the  above  names,  and  can  there- 
fore inclined  to  believe  that  they  are  identical,  or  are,  at  most,  varieties 
of  the  same.  The  former  name  appears,  as  £eu:  as  1  can  make  out, 
to  have  been  the  first  published  (Geol.  Survey  of  Canada,  Beport  for 
1857,  p.  131)  ;  and  in  this  case  it  must  be  retisiined,  though  the  other 
has  secured  a  more  general  currency*.  The  only  distinction  between 
the  two  seems  to  be  that  in  D,  hirundo,  Salt.,  as  ordinarily  figured, 
the  stipes  are  not  so  long  as  in  D,  patidus,  HaU ;  but  this  is  obviously 
a  trivial  distinction,  and  is  simply  due  to  the  fact  that  the  great 
majority  of  specimens  are  broken. 

The  stipes  in  both  D,  patulus.  Hall,  and  D.  hirundo,  Salt.,  diverge 
at  an  angle  of  180^  from  a  smaU  radicle,  being  at  first  narrow,  but 
widening  out  till  a  breadth  of  -j^  of  an  inch  may  be  attained. 
The  length  of  the  stipes  is  often  great,  being  as  much  as  2^  inches 
in  a  specimen  in  my  possession  from  the  Skiddaw  Slat€».  The 
cellules  are  situated  on  the  upperside  of  the  frond,  narrow,  and  in 
number  from  30  to  34  in  the  space  of  an  inch  in  all  our  British 
specimens  (according  to  Hall  the  cellules  are  from  24  to  26  in  an 
inch ;  but  I  do  not  think  this  difference  is  of  specific  importance). 
The  denticles  are  well  marked,  their  tips  being  produced  and  almost 
mncronate. 

Loc.  Eggbeck,  near  XJUeswater ;  Outerside,  near  Keswick. 

14.  DiDTXoeRAPSus  KinDus,  Hall,  sp. 

Chraptoliihus  nitidus.  Hall  (Grapt.  Quebec  Groupi  p.  69,  pL  1. 

figs.  1-9). 
Also  figured  but  not  described  by  Mr.  Salter  in  the  Quart.  Journ. 

Geol.  Soc.  vol.  xix.  p.  137.  fig.  ISd. 

This  very  pretty  species  is  dosely  allied  to  the  fonneri  thongli 

*  D.  hirundo.  Salt  appean  to  have  been  only  a  MS.  apeoiM  in  1861  (Quart. 
JouRu  Q«oL  Soo.  ToL  zix.  p.  138). 
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very  much  more  dimiDntive.  As  it  occurs  in  the  Skiddaw  Slates,  it 
is  identical  with  what  Hall  has  Bgnred  as  the  yomif;  form  of  C  nitidut 
{Op.  fit.  pL  1.  fig.  1)  ;  but  this  should  probably  be  conndered  a 
distinct  variety,  since  none  of  our  Snglieh  epccimena  appear  to  agroo 
exactly  with  the  adult  S.  mtitlus  flgnred  by  Hall. 

The  frond  consuta  of  two  stipes,  which  diverge  &om  a  sinall 
pointed  radicle,  and  include  between  them  an  angle  of  150°  to  175°. 
Hall  gives  the  latter  as  the  average ;  but  in  onr  specimens  it  u  often 
as  low  08  above  stated  ;  and  it  is  better  to  consider  the  angle  of  di- 
vergence  variable  than  to  found  a  distinct  species  upon  this  character 
alone.  The  stipes  vary  in  length  from  j  to  }  of  an  inch,  very  narrow 
at  their  com  ID  enccmcnt,  but  widening  out  until  n  breadth  of  ^  to  X 
of  an  inch  ie  attained.  The  cellnloa  are  from  32  to  34  in  an  inch  ; 
the  denticles  arc  well  marked  and  angular,  hut  not  produced  or 
mucronate,  the  cell-moutfas  being  at  more  than  right  angles  to  the 
axis. 

Loe.  Common  and  very  well  preserved  at  Barff,  near  Eeawick. 

15.  DiDTHOGRAFBirs  BmDns,  Hall,  ap. 

GraptoUlh'ii  bifiihu.  Hall  (Orapt.  Quebec  Qroup,  p.  73,  pL  1. 
figs.  16-18,  pi.  3.  figs.  9, 10). 

This  species  is  a  Quebec  form,  which  I  have  found  in  both  the 
upper  and  lower  beds  of  the  Skiddaw  Slates,  especially  iu  the  former, 
though  it  is  by  no  moans  of  common  occurrence.  It  approachei 
dosc-'y  to  D.  MvrcMsonl,  Beck  ;  but  it  seems  to  be  separated  from 
the  latter  by  sufBcicntly  good  characters.  Thus  in  Didymograptv* 
MurcliitoHt  the  base  is  furnished  with  a  long  radicle,  and  the  cel- 
lules are  very  much  pointed  ;  whilst  in  Didtfmograpna  hifidus  the 
base  is  round  or  nearly  so,  and  the  denticles  are  simply  submucronate. 
Further  there  are  no  proofs  that  the  stipes  in  the  latter  species  ever 
attained  the  great  length  and  breadth  displayed  by  some  spedmens 
of  the  former.  The  frond  in  D.  bifidvM,  Hall,  is  two-stiped,  the 
"  stipes  diverging  iiam  the  small  and  short  radicle,  and  curving 
slightly  inwards,  and  thence  extending  in  right  linn  including  an 
angle  of  15°  to  20°."  The  stipes  are  narrow,  expanding  above  and 
again  contracting  towards  their  extremitiee,  the  maximum  width  in 
onr  specimens  being  about  -y^  of  an  inch.  Hie  baseisusnslly  obtuse 
and  gently  rounded,  but  sometdmee  assnmee  a  more  or  leaa  pointed 
character.  The  cellules  are  on  the  inner  or  upper  side  ot  the  fitmd, 
long,  narrow,  and  slightly  curved,  abont  S4  to  86  in  the  space  of 
an  inch,  their  apices  produced  and  submucronate. 

Loc.  Ellei^ill,  near  Milbum  (upper  beds)  ;  Eggbeck,  near  Fo(d^ 
(upper  beds);  and  Onternde  (lower  beds). 

16.  DmniMRAPsuB  nEUurnxcv,  Hall,  wf. 

&nmtolithv»  terratulvM,  Hall  (PaL  Sow  York,  vol.  L  p.  274, 
pT  74.  fig.  6). 

sereral  spedmens  from  tha  Skiddaw  BlatM  of  t  wpedm 
Ij/meffrapnt,  some  of  which  »n  oatunly  nAniUe  to  the 
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above  species,  described  by  Hall  from  the  Utica  Slate  and  Hudson- 
river  Group  (Caradoc).  Other  specimens  possess  broader  stipes  and 
a  more  open  angle  of  divergence  than  the  true  D.  serrcUuluSy  Hall ; 
but  I  have  referred  them  with  some  hesitation  to  the  same  species, 
since  I  am.  averse  to  multiplying  species  upon  imperfect  materials,  and 
the  preservation  of  most  Skiddaw-Slate  Graptolites  is  such  that 
little  more  than  the  general  form  of  the  frond  can  be  satisfactorily 
made  out.  The  only  Quebec  Graptolite  with  which  this  could  be 
confounded  is  the  D.  {Qraptolithus)  eoTtenstis  of  Hall  (Grapt.  Quebec 
Group,  p.  80,  pi.  2.  ^g.  12),  from  which  it  is  readily  separated  by 
the  greater  width  of  the  stipes  and  the  small  size  of  the  radicle  in 
the  latter.  Further,  the  stipes  diverge  horizontally  at  an  angle  of 
180°  in  D.  extensus,  but  have  an  upward  inclination  in  D.  serratulus^ 
and  never  include  a  larger  angle  than  150°.  Lastiy,  the  cellules  in 
the  former  appear  to  be  more  closely  set  than  in  the  latter.  Still  it 
must  be  confessed  that  some  of  our  specimens  approach  very  nearly 
to  the  characters  of  />.  extensus,  HaU,  from  which,  in  the  bad  preser- 
vation of  the  cellules,  they  can  only  be  separated  by  the  fact  tiiat  the 
stipes  invariably  indine  upwards,  at  any  rate  at  their  commence- 
ment. 

In  D.  serratulus,  Hall,  including  aU  our  specimens  for  the  present 
under  this  name,  the  frond  consists  of  two  long  and  narrow  stipes 
proceeding  from  a  long  and  slender  radicle,  and  including  an  angle  of 
from  115°  to  135°,  or  sometimes  even  150°.  Variable  as  the  angle 
of  divergence  thus  seems  to  be,  it  may  fairly  be  doubted  whether 
any  stress  can  be  laid  on  this  character  as  a  specific  distinction. 
The  stipes  are  narrow  at  their  origiu,  not  ei  ceeding  -jV  ^  A  **^  *"^ 
inch,  but  gradually  widening  out  until  a  breadth  of  ^  of  an  inch  may 
be  reached.  They  usually  proceed  in  straight  lines  from  the  radicle, 
but  sometimes  they  present  a  slight  backward  curvature.  The  axis 
is  well  marked,  the  cellules  about  25  in  the  space  of  an  inch,  in- 
clined to  the  axis  at  a  small  angle,  with  the  cell-apertures  at  right 
angles  with  the  axis  and  extending  about  halfway  across  the  breadth 
of  the  stipe.  The  denticles  are  angular  and  not  unlike  OraptoliUs 
Sagittarius,  Linn.,  for  which  fragments  might  very  readily  be  mistaken. 
In  a  specimen  in  my  possession  one  of  t^e  stipes  shows  a  length  of 
more  than  four  inches ;  so  that  the  entire  frond  must  have  attained  a 
very  considerable  size. 

Loc,  Outerside  and  BarfT,  near  Keswick. 

Genus  Diploorapsus,  M*Coy. 

The  genus  Diplograpsus  was  established  by  Profl  M^Coy  to  indnde 
those  Graptolites  which  consist  of  two  simple  monoprionidian  stipes 
united  by  their  solid  axes  into  a  simple  linear  ironi,  which  is  oeUn- 
liferous  on  the  two  sides.  The  frond  is  probably  always  furnished 
with  a  radicle  at  the  base ;  and  in  most  cases  the  solid  axis  is  pro- 
longed beyond  its  distal  extremity. 

Whilst  the  generic  char^'jers  of  Diplograpsus  are  thus  remarkably 
dear  and  unmistakeable,tle  specific  distinctions  are  unusually  obscure. 
In  determining  the  spedes  of  Diplograpsus  two  points  are  mainlj  to 
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be  attended  to — namely,  tbe  character  of  the  cellnles,  and  the  nature 
of  the  base.  The  liLst  of  these  is  in  most  casee  by  tax  the  most  im- 
portant, since  two  distinct  species  may  exactly  resemble  each  other 
OB  regards  the  shape  of  the  cellules,  and  may  yet  be  easily  separated  by 
examining  the  processes  at  the  base,  as  is  the  case  with  D.  ttretiutetdns, 
Hie.,  and  B.  biromis,  Hall.  This  character,  however,  has  been  &r 
too  much  neglected ;  and  though  seldom  of  itself  sufiicient  for  specific 
determination,  it  affords,  when  taken  in  conjunction  with  the  cellnles 
and  general  shape  of  the  frond,  the  most  falusble  aid  to  a  correct 
diagnosis.  So  much  is  this  the  case  that  the  description  of  hardly 
any  species  of  D'tplograpsut  can  be  considered  absolutely  &ce  from 
doubt,  unless  the  nature  of  the  base  be  distinctly  specified.  On  this 
view  of  the  importance  of  the  base  as  a  specific  character,  the  species  of 
Diplograpiita  may  be  conveniently  grouped  into  three  main  sectioos. 
In  the  hret  of  these  the  bose  is  characterized  by  a  median  radicle, 
sometimes  very  rudimentary,  flanked  by  two  lateral  processes,  of 
Taryiug  length,  which  spring  &om  the  primary  cellules  on  each  side, 
as  is  seen  in  D.  hieomU,  Hall,  D.  priftis.  His.,  D.  antetinarivs.  Hall, 
D.  Whitjitldii,  Hall,  &c.  In  the  second  group  the  two  primary 
cellules  arc  greatly  elongated,  and  form  with  the  solid  osis  a  broad 
tapering  radicle,  as  in  i>.  eomtta,  Oein.,  D.  pahntM,  Barr.,  and 
D.  acuminaUta,  Nich.  In  these,  however,  no  true  "  radicle  "  exists, 
since  the  solid  axis  is  not  prolonged  below  the  first  cellules.  In  the 
third  gi'oup  the  base  is  formed  by  a  basal  extension  of  the  solid  axis, 
BometimeB  to  a  very  great  length,  beyond  the  proximal  extremity  of 
the  frond,  as  in  D,  terttiuscuhv.  His.,  and  i>.  prUtinifomiit,  HalL 
It  is  hardlj  necessary  to  remark  that  tliis  must  be  core^ly  dia- 
tinguisbed  from  the  extension  of  the  axis  beyond  the  diital  extremity 
of  the  frond,  a  character  common  to  almost  aU  (probably  \a  all)  tho 
known  species  of  Diplograptvs. 

It  is  not  pretended  that  these  groups  are  strictly  natural ;  but  they 
embody  the  three  miiin  types  displayed  by  the  base  of  the  Diplograpn, 
and  they  afford  a  convenient  means  of  separating  the  numerous  and 
ill-defined  species  of  tho  genus.  It  is  quite  possible,  too,  that  aO 
the  known  Dtplograpsi  cannot  be  referred  to  any  of  these  three 
sections ;  and  vc  know  bo  little  of  the  real  significance  of  the  basal 
processes,  that  there  is  some  reason  to  believe  that  even  a  single 
species  ma^  at  one  period  of  its  growth  belong  to  one  group,  and  at 
a  later  penod  to  another.  Thus  I  may  mention  that  I  have  found 
in  the  Upper  Llandeilo  rocks  of  Dumfriesshire  specimens  of  a  Dipio- 
grapnu  nndistinguishable  in  other  respects  from  the  ordinary  form 
of  J),  teretivtadvt  of  Hisinger,  but  provided  with  two  long  lateral 
processes  in  addition  to  the  basal  extension  of  the  axis,  ^is  may 
posnbly  be  a  new  qicoies,  but  may  with  equal  probability  be  meiefy 
aparticnlar  stage  of  the  development  otD.  (CTvtiuam^tu,  His. 

The  first  and  third  of  Uiese  groups  are  alone  represented  in  tha 
Bkiddaw  Slates,  from  which  four  species  of  the  genus  are  now  known 
to  me— namely,  D.  anif  nnan'M,HBll,  D.miierimatvt,  Hall.i).  tercfttw- 
mIm,  His.,  and  2>.  pru  tini/ormt>.  Sail,  (d  whidi  the  first  and  last  ar« 
"     '  'o  the  Qaebeo  Gnmp. 
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17.  DlPLOGRAPSXTS  ANTENNABITJS,  Hall,  Sp. 

Climacograpsus  antennarius.  Hall,  Grapt.  Quebec  Group,  p.  112, 
pi.  13.  figs.  11-13. 

I  have  obtained  several  specimens  of  this  remarkable  species  from 
the  slates  at  Outerside,  but  their  preservation  is  seldom  good,  as 
fjEur  as  regards  any  part  but  the  base.  The  frond  b  simple  and 
quadrangular,  celluliferous  on  the  two  sides,  and  having  the  axis 
extended  beyond  its  distal  extremity,  sometimes  for  more  than  ^ 
an  inch.  Ilie  length  of  the  frond  varies  from  i-  of  an  inch,  the 
smallest  observed,  to  |^  of  an  inch,  exclusive  of  tne  axis ;  and  the 
average  breadth  is  one  line.  The  most  peculiar  and  characteristio 
part  of  this  Graptolite  is  the  base,  which  is  adorned  with  three  pro- 
cesses. Of  these,  the  middle  one  is  a  small  triangular  extension  of 
the  axis,  the  true  **  radicle ; "  and  the  two  lateral  ones  are  long, 
setiform,  straight  or  curved  processes,  springing  from  the  lateral 
angles  of  the  base,  and  sometimes  attaining  a  length  of  -^  of  an 
inch,  the  two  including  an  angle  of  about  120°.  All  my  specimens 
are  simply  imperfect  scalariform  impressions ;  but,  according  to  Hall, 
the  cellules,  which  are  excavated  in  the  substance  of  the  stipe,  are 
from  24  to  28  in  an  inch,  *'  short,  nearly  twice  as  wide  as  long;  the 
cell-denticles  nearly  rectangular  to  the  axis." 

Loc.  Outerside,  near  Keswick. 

18.  DiPLOGRAPSTJS  MUCBONATUS,  Hall. 

OraptoViihus  mvtcronatus,  Hall,  Pal.  New  York,  vol.  i.  p.  268,  pi.  73. 
figs.  1  a-d. 

Three  specimens  of  this  species  have  come  under  my  notice  from 
the  Skiddaw  Slates,  though  I  believe  it  has  not  been  before  observed 
to  occur  below  the  horizon  of  the  Upper  Llandeilo  rocks  either  in 
Britain  or  in  America.  The  frond  is  bicelluliferous ;  the  cellules 
25  to  30  in  the  space  of  an  inch ;  the  denticles  slender,  prominent^ 
and  extended  into  flexible  mucronate  tips.  The  axis  b  usually  pro- 
longed beyond  the  distal  extremity  of  the  frond ;  but  the  nature  of 
the  base  is  not  known. 

Lac,  Outerside,  near  Keswick. 

19.  DiPLOOBAPSTrS  TEBETTUSCrLUS  *,  His.     PI.  V.  figs.  11-13. 

This  species  is  essentially  an  Upper-Llandeilo  form,  though  it  has 
recently  been  discovered  by  Prof.  Harkness  in  the  Lower  Uandovery 
rocks,  near  Haverfordwest,  in  Wales  (Geol.  Mag.  vol.  iv.  no.  6).  It 
was  first  noticed  as  occurring  in  the  Skiddaw  Slates  by  Prof.  Hark- 
ness and  myself  (see  Quart.  Joum.  Geol.  Soc.  vol.  xxii.  p.  480) ;  so 
that  it  is  now  known  to  range  frx)m  the  Lower  Llandeilo  to  the 
Lower  Llandovery  rocks,  though  it  is  apparently  confined  to  the 

*  D.  Unthuculus^  His.,  and  D.  antennariuSt  Hall,  with  some  other  apeeies, 
belong  to  a  section  of  the  BiplogrtmH  in  which  the  cellules  are  simply  exoavated 
in  the  substance  of  the  stipe.  fiaU  has  placed  these  in  a  distinct  genus  under 
the  name  of  Cltmacogropsus ;  and  it  would  seem  advisable  in  taioan  to  ampt 
this  change,  though  the  old  names  have  ohtained  such  a  general  cunenej. 


140  PBOOHSDIIIH  Oy  XBB  MQLOQHUI  aOOnTT. 

upper  part  of  the  Skiddaw  Slates,  and  does  not  occur  in  Qieir  lower 
portion.  D.  teretitaeuhu,  "Si^.,  belongs  to  that  group  of  Diploffrapn 
in  which  the  axis  ia  prolonged  bolow  the  proximal  extrcnuty  of  the 
froud  in  the  form  of  a  long  and  slender  radicle.  The  cellules  are 
eimply  excavated  in  the  sides  of  the  poly^udom ;  and  all  speoimenB 
Rppear  either  bb  scalBriform  impresaions,  or  in  the  tbrm  described  by 
U'Coy  under  the  oame  of  D.  rertattgvJans.  This  species  is,  however, 
too  well  known  to  require  any  description. 

Loe.  Common  and  well  preserved  in  the  soft  black  shale  of  EUer- 
gill  Beck,  near  Milbnm,  in  Westmoreland. 

20.  DiFLosBiFscB  FSiBToriFOBxTs,  Hall,  sp.     PL  V.  figs.  14  &  16. 

Orapioliihut  prittinifarmU,  Hall,  Grapt.  Quebec  Oronp,  p.  110, 
pi.  13.  figs.  15-17. 

This  is  a  Quebec  species,  which  a  of  very  common  occurrence  in 
(be  Skiddaw  Slates,  and  is  probably  the  same  as  the  one  which  was 
doubtfully  rcferrod  to  D.  pristit.  His.,  by  Hi.  Salter  in  his  note  on 
the  Graptolitce  of  this  formation.  (Quart.  Joum.  Oeol.  Soc.  vol.  xix.) 
II  b,  however,  dlstinguiahed  from  B.  prittit.  His.,  by  the  smaller 
width  of  the  frond,  by  the  greater  nnmber  of  cellules  in  an  inch, 
and  by  the  (character  of  the  base. 

The  frond  is  simple,  diprionidian,  and  varying  in  length  from  j 
to  li  inch.  It  tapers  gradually  towards  the  base,  the  width  in  the 
folly  developed  portion  being  from  -^  to  -^j  of  tai  irch.  The  base 
is  famished  with  a  slender  radicle,  the  length  of  which  Taries  from 
■ji^  to  nearly  -g^  of  an  inch,  the  cellules  sometimee  commencing  quite 
abruptly,  sometimee  tnpcring  off  into  the  radicle.  The  cellules  are 
very  narrow  and  closely  set,  being  from  28  to  35  in  the  space  of  an 
inch,  inclined  to  the  axis  at  the  very  low  angle  of  about  20°,  and 
having  about  one-third  of  their  length  free.  IDio  denticles  alternate 
distincUj  with  one  another,  their  extremities  being  sometimes  acute 
and  sometimes  rounded,  perhaps  more  commonly  the  latter.  The 
ftxis  is  generally  prolonged  beyond  the  distal  extramity  of  the  frond. 
In  one  very  beautiful  specimen,  apparently  of  this  spedes,  frYim  tbe 
upper  beds  of  the  Skiddaw  Slates,  the  apices  of  the  cellules  are  pro- 
Tided  with  small  mncrones  or  spines,  which  have  an  iqnrard  direction 
(PL  V.  flg.  22.) 

This  species  is  somewhat  like  D.  angtutifaliuM,  Hall,  but  is  dis- 
tinguished by  the  ijiot  that  the  eallulea  in  the  latter  are  not  maricedly 
■Itemate,  and  an  always  tonnded,  whilst  die  base  is  pnvided  (as  in 
D.prittiM,  His.)  wiUi  uiree  pronsMM. 

Loe.  OateTnlde,near  EeBViok(lowerkedsof  ihenriea);  EUnpU, 
near  IGlbam,  Veabnoreland  (upper  beds  of  the  aeries). 

Ocooa  OniPiouxBa  rd  GBanouxHui,  linn. 

This  genns  dioold  jaapeAj  be  confined  to  thoee  Or^tblitea  which 
Qonnst  of  a  rim[de  stipe,  with  a  single  row  of  odlulee  on  one  aide. 
"^10  base  or  oommeDcement  of  the  atipe  is  marked  by  a  tniall 
ndide^  and  ia  gesenlly  curred,  the  ccJli^  not  attaining  thdr  fall 
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size  nntil  the  straight  portion  of  the  stipe  is  reached.  The  solid 
axis  would  seem  not  to  have  been  prolonged,  in  the  adult,  beyond 
the  dbtal  extremity  of  the  stipe,  aXi  apparent  specimens  of  this 
prolongation  having  probably  been  produced  by  breakage ;  but  this 
is  uncertain. 

On  this  definition  the  genus  would  include  a  large  series  of  forms, 
of  which  O,  Sedgtvickii,  Portl.,  O.  Sagittarius,  Linn.,  O.  jpriodon, 
Bronn,  and  O.  hhiferus,  M'Coy,  may  be  taken  as  typical  examples. 
As  already  stated,  Prof.  James  Hall  denies  the  existence  of  any 
Graptolites  coming  under  the  above  definition,  referring  all  examples 
of  such  to  the  breakage  of  compound  monoprionidian  ^rms,  such  as 
constitute  one  section  of  the  unmanageable  genus  Graptolithus,  Hall. 
This  objection  may  possibly,  and,  indeed,  probably,  hold  good  as  far 
as  the  Quebec  group  is  concerned ;  but  it  breaks  down  entirely  when 
applied  to  the  Graptolitic  rocks  of  Scotland,  Wales,  Ireland,  and  the 
Continent  generally;  and  it  becomes  impossible  for  us  to  question 
the  real  existence  of  a  group  of  perfect  adult  Graptolites  with  the 
characters  given  above.  These,  then,  and  these  only,  should  be  in- 
cluded under  the  genus  Graptolites  or  GraptoUthtis.  As  regards 
the  Skiddaw  Slates,  which  contain  numerous  branching  Graptolites, 
I  certainly  am  inclined  to  think  that  the  genus  Graptolites  is  not 
represented,  and  that  the  forms  originally  ascribed  to  it  are  in 
reality  fragments  only  of  the  compound  species.  At  any  rate,  no 
instance  has  come  under  my  notice  of  any  specimen  in  whidi  a 
slender  curved  base  is  shown,  and  all  the  described  simple  Grapto- 
lites said  to  occur  in  the  Slates  can  be  readily  referred  to  known 
compound  forms. 

Four  simple  Graptolites  have  been  described  from  the  Skiddaw 
Slates,  viz.  G.  latus  by  Prof.  M'Coy,  G.  Sagittarius,  G.  tenuis,  and 
G.  Nil^om  by  Mr.  Salter. 

21.  GiBULFTOLiTES  LATTTs,  li'Coy.     (Quart.  Joum.  Geol.  Soc.  vcd.  ir. 

p.  223,  and  Brit.  Pal.  Foss.  p.  4.) 

This  name  is  applied  to  fragments  of  stipes,  common  in  the  Skiddaw 
Slates,  and  characterized  by  their  great  width  and  by  the  triang^olar 
submucronate  denticles.  The  species  appears  really  to  have  been 
founded  on  portions  of  the  stipes  of  Dichograpsus  octohrctchiatus, 
Hall,  Didymograpsus  patvJus,  Hall,  Tetragrapsus  hryonoidts.  Hall, 
and  probably  other  species.  While  not  representing  a  true  species, 
the  neme  may  be  usefully  retained  as  a  convenient  designation  for 
the  numerous  specimens  which  are  too  fragmentary  to  admit  of 
specific  or  generic  determination. 

Loc.  Everywhere  in  the  Skiddaw  Slate  district. 

22.  Gbaptolitbs  saghtaritjs,  linn. 

Fragments  occur  not  infrequently  in  the  Skiddaw  Slates,  which 
certainly  cannot  be  distinguished  from  portions  of  this  species ;  bat 
it  is  highly  probable  that  they  really  belong  to  Dichograpsus  Logani, 
Hall,  and  Didymograpsus  serratulus,  Hall,  with  perhaps  other  forms. 

Lo€.  Outerside;  Barff;  8oawgill»  d^c. 
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23,  Obiptolttes  rsirciB,  Fortl. 

Small  Btipea  occur  very  commonly  in  the  Bldddaw  Slates,  especiallj 
in  tdie  upper  beds,  which  appear  to  be  leferablo  to  this  species.  On  a 
oloser  examination,  however,  many  of  these  will  be  found  to  branch, 
and  they  aro  probably  all  fragments  either  of  a  Dmdrograpnu,  Hali 
(which  is  most  probable),  or  of  a  Flevrograptut,  Nich. ;  but  the  spe- 
cimens are  too  imperfect  to  allow  of  any  certain  identification. 

Loe.  Keswick;  Barff;  Ellergill,  near  Milbum. 

24.  GaiPTOLiTES  NiLSsoHi,  fiarrande. 

This  species  is  stated  by  Mr.  Salter  to  occur  in  the  Skiddaw  Slates 
at  Braithwaitc  Brow  ;  but  I  have  never  seen  any  specimen  of  it.  If 
this  determination  does  not  rest  upon  a  specimen  of  Q.  Unuit,  thou 
G.  Niliaoni  is  the  only  simple  Graptolito  (in  the  Slates)  which  would 
not,  as  fkr  as  is  yet  known,  be  eainly  referred  to  a  compound  form  *, 

Genus  Diotdboorafsus,  Hall. 

I  have  felt  groat  hesitation  in  admitting  this  genus  into  the  list 
of  those  represented  in  the  Skiddnw  Slates,  and  have  only  done  so 
at  last  on  the  strength  of  numerous  minute  branching  fragments, 
which  I  have  found  to  occur  chiefly  in  the  upper  beds  of  the  series. 
These  are  always  extremely  fragibentary  and  imperfect ;  but  their 
mode  of  branching  is  most  consistent  with  tbe  belief  that  tbey  belong 
to  a  DftulTograpaus,  though  more  perfect  specimens  may  demonstrate 
this  to  be  a  fallacy. 

The  genus  Dindrograjma  is  defined  by  Hall  as  including  those 
Oraptolites  in  which  the  frond  is  composed  of  s.  strong  foot-etalk, 
irhicb  is  "  subdivided  into  nnmerous  branches  and  brandilcts,  which 
are  but  slightly  divergent,  the  whole  producing  a  broad,  spreading, 
shmb-like  frond."  The  genus,  vith  the  closely  allied  Callograptut, 
Hall,  is  esBcntially  characteristic  of  the  Lower  Llandeilo  group,  both 
in  America  and  in  Britain. 

25.  Dekdbogsapsdb  Haixiamcs,  Front  (American  Journal  (tf  Science, 

vol.ix.).    Pl.V.fig8.6&7. 
Dtndrograptut  furcatvla,  Salt.     (Uem.  Getd.  Sorvey,  Tol.  iii.  p. 

331,  pi.  11  A.  fig.  5.) 
The  spccjmens  in  my  posseflsion^  if  really  referable  to  Dtndro- 
gropus,  accord  most  nearljwith  the  characters  of  the  above  specieB. 
They  consist  of  small,  very  narrow,  branching  stipes,  dividing  in  sn 
irregularly  bifurcating  manner,  and  always  occurring  in  a  frag- 
mentary condition.  The  cellules  are  narrow,  inclined  to  the  axis 
at  a  very  small  angle,  about  24  in  the  space  of  an  inch ;  the  den- 
tudcB  couBpicuouB  and  angular,  the  cell-mouths  being  at  right  angles 


rhiiJi  tbe  cpllnJea  fasTC  tli«  cbandtra  of  G.  SUmmi,  But.  ^MrT  B^ler! 
efoR,  probablj  fiiiiiiii*^  Via  ^^^*^^l^m^|^j^m  -nfm  ■  ftagJiMit  trffhii  ipetin. 
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to  the  axis;  the  whole  presenting  a  strong  resemblance  to  some 
forms  of  Graptolites  tenuis,  Portl, 

Dendrograpsus  farcatida,  Salt.,  founded  on  some  smaU  fragments 
from  the  Lower  Llandeilo  rocks  of  Wales,  appears  at  present  to  be 
undistinguishable  from  this  species. 

Loc,  Barff,  near  Keswick ;  EUergill  Beck,  near  Milbum  in  West- 
moreland. 

III.  Appendix. 

Since  the  foregoing  has  been  written,  Prof.  Harkness  has  kindly 
placed  at  my  disposal  some  specimens  which  he  has  recently  dis- 
covered near  Crummock,  and  which  appear  to  contain  two  new 
species.  I  have  likewise  obtained  from  Mr.  Joseph  Graham,  of 
Keswick,  a  species  of  Tetragrapsus,  which  seems  to  be  new  to 
Britain.  Subjoined  is  a  short  description  of  these,  as  complete  as 
the  materials  at  present  obtained  will  allow  ;  and  I  have  added  a  list 
of  all  the  Graptolites  as  jet  recognized  as  occurring  in  the  Skiddaw 
Slates. 

26.  DiCHOORAPSus  aETiCTJLATTJs,  Nicholson.     PI.  V.  figs.  3-5. 

Spec,  char.  Frond  compound,  consisting  of  a  short  funicle  giving 
off  four  main  celluliferous  stipes,  each  of  which  gives  origin  to  two 
wcondary  stipes  at  angles  of  from  60°  to  90°.  There  are  no  secondary 
stipes  to  each  main  branch  further  than  these  two;  nor  is  there 
any  reason  to  believe  that  these  in  turn  give  off  tertiary  branches, 
though  it  is  possible  that  such  really  exist.  The  first  secondary 
branch  is  given  off  at  a  distance  of  about  4  of  an  inch  from  the 
funicle,  the  second  at  from  J^  to  ^  of  an  incn  from  the  first.  Both 
the  primary  and  secondary  branches  run  in  straight  Hues,  being 
monoprionidian,  narrow  at  their  commencement,  but  ultimately  ex- 
panding to  a  width  of  from  ^t^  to  -jV  of  an  inch.  The  cellules  are  ex- 
tremely badly  preserved,  and  it  is  impossible  to  say  how  near  to  the 
funicle  they  may  commence.  In  some  fragments,  apparent  refer- 
able to  this  species,  they  are  narrow,  inclined  to  the  axis  at  an 
angle  of  about  20°,  with  the  cell-mouths  at  right  angles  to  the  axis, 
thus  resembling  some  forms  of  Graptolites  Sagittarius,  Linn.  The 
denticles  are  angular,  about  25  in  the  space  of  an  inch,  their  apices 
not  produced  or  mucronate.  This  very  remarkable  species  exhibits 
a  mode  of  branching  quite  unique  amongst  the  Dichograpsi ;  but 
it  certainly  belongs  to  the  group  comprising  D.  iUxUis,  Hall,  D, 
rigidus.  Hall,  and  D,  multiple,v,  Nicholson,  and,  like  them,  it  has 
probably  never  possessed  a  central  disk.  It  is  more  closely  allied 
to  D,  multiplex,  Nich.,  than  perhaps  to  any  other;  but  it  is  easily 
disting^hed  by  the  repeated  dichotomous  divbion  displayed  by  the 
latter  species. 

Loe.  Scale  Hill,  near  Crummock. 

Gtenus  Plsubogsapsxts,  Nicholson  (G«ol.  Mag.  yoL  iv.  p.  256). 

This  genus  was  originally  founded  by  myself  to  indnde  those 
branching  and  compound  Graptolites  in  which  there  is  no  proper 
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"fiinicle," — the  essential  part  of  the  definition  bdng,  that  the  eetlu- 
liferouB  branches  ore  derived  from  a  main  oeUnUferous  rhachis,  aad 
not  from  a  non-colluliferoua  fanicle. 

27.  FLBUxooBAPauB  vaoaits,  Nich.    PL  ^1.  figs.  4  it  5. 
Amongst  Prof.  Harkueaa'a  specimens  is  one  which  is  certainly 

new,  and  which  appears  to  belong  to  this  genns.  This  detencina- 
tion  rests  entirely  upon  the  mode  of  branching,  and  must  therefore 
be  regarded  as  being  simply  proviaional,  since  the  discovery  of  a 
complete  specimen  might  very  possibly  demonstrate  the  ezisteiice 
of  a  tme  "  fimide." 

The  &ond,  aa  f ar  as  seen,  consists  of  a  main  stipe  giving  off 
cellnliferouB  branches  from  one  side,  at  intervals  of  about  ^  of  an 
inch,  and  at  angles  of  about  60°.  The  stipes  are  narrow  at  their 
origin,  but  widen  out  until  a  breadth  of  ^  of  an  inch  may  be  obtained. 
The  axis  is  strong,  and  the  common  canal  broad  and  well  marked. 
The  cellules  are  from  20  to  22  in  the  space  of  an  inch,  of  the  type 
of  6.  latug,  U'Coy ;  the  denticles  angular  and  prominent,  thrar  apices 
being  produced  and  submucronate. 

Loe.  Scale  Hill,  uear  Crummock. 

28.  TETBAOKAfSus  CBrcmn,  Hall,  sp. 

Oraptolithus  crveifer,  HalL  (Grapt.  Quebec  Group,  p.  92,  pi.  5. 
fig.  10.) 

An  obscure  and  weathored  specimen,  obtained  by  Mr.  Joseph 
Graham  of  Keswick,  is  apparently  referable  to  this  species ;  bat  its 
state  of  preservation  is  such  as  to  preclude  any  certain  determina- 
tion. The  &ond  consists  of  four  simple  stipes  united  centrally  by  a 
small  disk.  The  stipes  are  broad,  attaining  a  width  of  about  i  of 
an  inch,  the  denticles  being  angular  and  submucronate.  T.  cnici^, 
Hall,  differs  from  T.  Headi,  Hdl,  in  being  smaller,  but  in  posseasing 
broader  stipes  as  compared  with  the  size  of  the  frond. 

Loc.  Barff,  near  Keswick. 

Litt  of  the  QrafitotiUi  of  the  Bkiddaw  mtms. 
Dtndrograptta  Hallumtu,  Frout  (?), 
Diehograptia  Legani,  HAIL 

vadfipUx,  Mich. 

oe/oiracluatut.  U>U  (-i).  Btigmddi,  SaU.). 

rttioilalat,  Nioh. 

Didyme^rapiuM  bifidui,  HalL 

■ eiauettit,  Salter, 

•^ — gtmiiuit,  HiiL 

mHdiit,HaK 

pahUta.  Hdl  <=D.  UtimA,  Bth.). 

lerratiUta,  HsII. 

Kxliau,  mil. 

F-JrarfiM;  BiOt. 

DiploffraptHt  aiimnariMt,  HalL 
—~  nKtetvnatM,  SaU. 

ttrttiummha,  His. 

GrvpM'ta  Ww,  M'Oar. 
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r  Graptolites  Sagittarius,  Linn.  (?)  1 

J  tenuis.  Port.  (?)  V 

[ NiUtoni,  Barr.  (?)  J 

Phyllograpms  angustifcdius.  Hall. 

ttfpus,  HalL 

Tetraffrapsus  bi^onoieUs,  Hall  (^JDufynuyrapsuf  caduoeuSf  Salt.). 

crucifer.  Hall. 

Headi,  HalL 

quadribrackiaius,  Hall  r=r.  emeiaUs,  Salt). 

IVinfrfl^flpMM  (?)  «a^iw,  Num. 


EXPLANATION  OF  PLATES  V.  &  YL 

(lUustratitfe  of  the  Grt^oUtes  of  the  Skiddaw  ieries.) 

The  figures  are  drawn  from  nature,  unlets  it  is  otiienrise  steted. 

Plate  V. 

Figs.  1  &2.  Dichograpsus  oetohrachiatus.  Hall: — (1)  A  speoimem  showing 
the  central  disk,  and  one  of  the  oelluliferoas  stipes  in  fbll : 
i^fter  HaU;  natural  size.  (2)  A  small  and  imperfect  Bp^ 
dmen  of  this  species  (?)  from  Mirehouse,  near  Sladdaw:  na- 
tural size. 
3-5.  Dichograpsue  reticulatm,  Nich.: — (3)  A  fragment  from  Barfly 
natural  size.  (4)  A  specimen  from  the  collection  of  Professor 
Harkness,  natural  size.  (5)  Portion  of  fig.  4  m^qn\ti^  flfie 
diameters. 
6  &  7.  Dendrograpsus  HaUianus  (?)  Prout : — ^6)  A  specimen  from  Eller- 

S'lll,  natural  size.    (7)  A  portion  oi  the  same,  magnified  fivB 
iameters. 
8-10.  Didymoarapaus.  geminus,  His. : — (8)  A   specimen   haying  the 
branches  not  yery  diyersent,  natiund  size.    (9)  The  same,  magw 
nified  two  diameters.    (10)  Another  specimen  with  a  roondar 
base,  natural  size. 
11-13.    Di^lograpaus  teretiuaculus,  ffis.:— -(11>  A  specimen  from  Blleii% 
ffiU,  natural  size.    (12)  A  portion  of  the  same,  magnified  two 
diameters.    (13)  A  portion  of  another  specimen,  magnified  two 
diameters. 
14  &  15.  IHplograpsuspristin\formiBf  Hall: — (14)  Base  of  a  stipe,  magni- 
ned  three  diameters.    (15)  A  portion  of  a  specimen  apparentlj 
belonging  to  this  species,  in  which  the  cellules  are  nxmishea 
with  smidl  spines  at  their  wioes :  magnified  three  diametert> 
Fig.  16.  Phgllograpiua  tgpu$,  Hall,    ^rom  Barn,  natural  aiieL 

Plats  TI. 

Figs.  1-3.  Dickograpmu  tnmltipiex,  Nich. : — (1)  A  specimen,  from  the  eoUeo- 
tion  of  Professor  Harkness,  showing  the  friniole  (a)  and  the 
dichotomizing  stipes:  oatoral  size.  (2)  Frtjpaimi  of  thenma^ 
enlarged  to  diow  the  form  and  relations  oT  the  oeUides.  (8) 
A  single  dichotomizing  stipe,  from  the  oolleotaon  of  ProfeMCjr 
Harkness:  natural  size.  These  fllgorca  hare  been  copied  from 
sketohes  bj  the  author. 
4  ft  5.  Fieurograpmis  ?  vagans,  Nich.  :-^4)  A  qpeeimen  from  Orum- 
mock,  natural  liieu  (5)  A  portion  of  tha  same,  magnifiiid  two 
diameters. 
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3.  On  the  Quciill  and  VosKi^KCiAi,  SiKUcruBSo/LiNCOursaiBxanil 

8onrH-B*9i  ToRKSoiRB.    By  Surlbb  V.  Wood,  Jan.,  Esq.,  F.G.S,, 

and  the  Rev,  J.  L.  Bomb,  F.Q.8. 

(Brad  NoTember  20,  1867*.) 
I.  iHTROsncnoir. 
T?K  goology  of  the  Upper  Tortiaries  in  Lincoloatiire  has  not,  so  &r 
as  we  are  aware,  received  any  general  notice  ;  while  in  the  case  of 
Yorkshire,  the  accounts  given  helong  ibi  the  mos,t  part  to  a  date  when 
the  views  of  geologists  on  the  suhject  were  very  restricted. 

The  work  of  Dr.  Young  and  Ur.  Bird  upon  the  geology  of  the 
Yorkshire  coast  was  published  in  182^,  while  the  more  recent  and 
better-known  work,  the  '  Geology  of  YorkHhire,'  bj  Prof.  Phillips, 
has  now  been  published  thirty-eight  years.  Even  the  latter  of  those 
works  long  precedes  the  time  when  geologists  began  to  recognize  the 
importance  of  the  Drift-s^riee,  or  the  former  existence  in  these  lati- 
tudes of  the  arctic  und  subarctic  conditions  to  which  they  were  due. 

These  works,  and  a  notice  by  Ur.  Prestwich  of  the  occurrence  of 
Cyrena  fiuminalis  at  Kclaea  HUl,  in  the  17th  toI.  of  the  Journal  of 
the  Society,  a  paper  by  Mr.  Topley  "  On  the  physical  Geology  of 
East  Yorkshire,"  in  the  3rd  volume  of  the  '  Geological  Ungazine,' 
p.  43f>,  and  a  notice  of  the  submerged  forest  at  the  Hull  Docks,  by 
Mr.  F.  M.  Foster,  in  the  '  British  Association  Report '  for  1866, 
oonBtitiite  the  only  published  accounts  of  the  Tertiurj  geology  of 
this  region,  so  far  as  we  are  aware,  up  to  the  year  1866.  In  that 
year,  and  while  our  invcetigations  were  in  progress,  Mr.  H.  F.  Hall, 
F.G.S.,  visited  HoldemcBs ;  and,  the  results  of  these  investigationH  up 
to  that  time  being  communicated  to  him,  especially  the  distinction 
between  the  three  Boulder-clays  of  that  distnct  and  their  unconfor- 
mabtlity,  ho  has,  in  a  paper  read  before  the  Liverpool  Geological 
Society,  andlatelypubliahcdin  their 'Proceedings,' given  a  description 
of  aomc  of  the  features  of  the  Holdcrneas  coast.  The  paper,  not 
being  illustrated  by  section",  cannot  be  easily  followed  by  those  not 
thoroughly  fpmUior  with  the  district ;  but,  with  the  exception  of  the 
distinction  between  these  three  clays,  the  views  of  Mr.  Hall  are  at 
variance  for  the  most  part  with  what  appears  tons  to  have  been  the 
Bfiquencc  of  geological  evcute  in  this  region. 

In  his  paper  on  the  Lincolnshire  Oolites,  in  the  9th  ^(A.  of  the 
Journal,  Prof.  Morris  has  given  on  accurate  account  of  the  patch  of 
Glacial  clay  Inlersected  by  the  Groat  Northern  Railway  at  Fonton, 

In  the  able  paper  by  Mr.  Judd,  "  On  the  Btrata  which  form  the 
Base  of  the  Lincolnshire  Wolds,"  in  the  last  volume  of  the  Journal,  a 
alight  reference  is  made,  under-tho  term  "peculiar  drift,"  to  tlie 
Glacial  clay  which  bos  so  magnificent  a  dcvdopment  in  thatcoonfy. 

As  the  two  counties,  although  containing  in  common  the  great 
natural  feature  of  the  "Wolds,"  which  has  as  intimate  connexion 
Tith  the  Glacial  and  Postgladal  structure  of  the  region,  yet  poaaeas 
some  very  dietinctiTo  features,  it  will  be  convenient  in  the  fiiat  place 
to  describe  them  separately,  the  norUi-eBst  of  linoolnshire  oonneot- 
ing  itself  with  Yorkshire,  and  having  ihe  same  distinctive  featniei 
from  cenbal  and  south  IJncolnshire. 

"  For  tb*  other  oommunieation*  nad  at  this  B*«miig-iii8rting,  sae  p.  & 
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II.  The  Structure  of  South-kist  Yorkshire  and  Nobth-east 

Lincolnshire. 

As  all  the  beds  of  this  region  appear  to  us  to  bo  represented  in  the 
Holdcmcss  coast-section  (fig.  1,  p.  148),  their  description  will  be 
much  shortened  if  we  give  a  condensed  view  of  the  section  afforded 
by  the  line  of  coast  from  the  mouth  of  the  Humber  to  Speeton,  the 
point  where  the  Northern  Wold-scarp  and  foot  is  intersected  by  the 
present  coast. 

The  bed  marked  a  of  this  section,  or  basement  clay  of  Holderness, 
forms  the  oldest  of  all  the  deposits  above  the  chalk  in  these  parts. 
It  consists  of  a  lead-coloured  clay  abounding  in  chalk  debris, 
accompanied  by  stones  and  boulders  from  all  sorts  of  rocks ;  and  it 
presents  a  close  resemblance  to  that  wide-spread  Boulder-clay  of  the 
eastern  and  cast-central  comities  which  is  referred  to  by  the  first- 
named  of  us,  in  the  last  volume  of  the  Journal*,  as  the  "  Upper 
Glacial  Clay,"  with  which  deposit  we  identify  it.  This  clay  (a)  rises 
up  in  only  a  few  parts  of  the  coast,  and  is  overlapped  in  every 
direction  by  another  thick  bed  of  Boulder-clay,  marked  c  in  the 
section,  to  which  in  most  of  its  exposures  it  presents  a  very  denuded 
surface,  rising  up  beneath  it  in  bosses,  and  in  some  places  divided 
from  it  by  the  beds  marked  6.  The  relation  borne  to  each  other  by 
these  clays  will  appear  by  a  comparison  of  fig.  1  with  the  eastern 
extremities  of  figs.  5  and  11,  both  of  which  cut  the  deposit  at 
right  angles  to  the  former.  This  basement  clay,  like  the  Upper 
Glacial  clay  of  the  eastern  and  east-central  counties,  appears  to  be 
destitute  of  any  but  derivative  organic  remains. 

The  beds  b,  which  occupy  some  of  the  depressions  formed  by 
denudation  in  the  surface  of  the  basement  clay,  and  sometimes  spread 
irregularly  over  the  bosses,  consist  of  sand  with  occasional  gravels. 
In  some  parts  their  place  is  taken  by  bands  of  clay  (partially  separated 
by  sands)  exhibiting  a  character  intermediate  between  the  clays  a 
and  c.  Not  unfrequently,  however,  it  is  difficult  to  say  where  the 
basement  clay  (a)  ends,  and  the  purple  clay  (c)  begins ;  but  in 
other  parts  the  division  is  very  distinct,  and  the  surface  of  the  former 
is  deeply  eroded.  Nothing  whatever  exists,  to  our  apprehension,  that 
would  suggest  any  identity  between  tho  beds  b  and  the  thick  and 
continuous  Middle  Glacial  formation  of  the  east  of  England ;  but  the 
reverse  of  this  seems  from  the  general  structure  to  follow,  the  beds 
b  being  over  the  clay  which  we  identify  with  tho  Upper  Glacial  clay 
of  the  east  of  England,  while  the  Middle  Glacial  formation  is  under 
tho  latter.  We  have  not  been  able  to  detect  any  organic  remains  in 
the  beds  b,  or  to  learn  of  any  having  been  procured  from  them. 

The  clay  formation  c,  which,  from  its  prevailing  colour  of  purplish 
brown,  we  term  the  "  purple  clay,"  is  that  which  has  the  most 
extensive  spread  of  any  bed  superior  to  the  chalk  in  Yorkshire,  not 
only  overlapping  the  basement  clay  in  all  directions,  but  extending  far 
beyond  the  north  scarp  of  the  Wolds  in  an  irregular  belt  along  the  coast 
northwards.  It  seems  to  us  to  be  the  same  clay  as  that  which  appean 
at  intervals  along  the  coast  as  far  as  the  mouth  of  tho  Tees,  to  near 

*  Quart  Joum.  GeoL  Soo.  toL  zxiii.  p.  394  et  teq, 
VOL.  xxrv. — part  i.  x 
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which  we  have  traced  it ;  but  we  have  only  examined  it  systematically 
as  far  as  Scarborough,  to  which  place  the  coast-belt  of  it  is  continu- 
ous.    The  distinction  of  this  clay  from  the  basement  clay  becomes 
very  marked  where  it  rests  on  the  chalk  Wold,  as  around  Flam- 
borough  and  Speeton,  since  none  of  the  intermediate  features  which 
characterize  its  base  where  it  rests  on  the  basement  clay  exist  in 
this  part,  no  chalk  at  all  appearing  in  it  north  of  Flamborough, 
The  basement  clay  occurs  only  on  the  eastern  and  southern  side 
of  tlje  Yorkshire  Wold,  and  is  there  mostly  below  the  beach-line ; 
but  the  purple  clay  not  only  has  a  place  on  both  sides  of  the  chalk 
escarpment,  but  at  Speeton  envelopes  it,  occurring  on  the  summit 
under  Speeton  at  an  elevation  exceeding  400  feet.     The  fortunate 
circumstance,  that  the  very  narrow  belt  of  purple  clay  which  has 
escaped  denudation  occurs  on  the  coast,  thus  permits  of  the  condition 
of  the  chalk  escarpment  prior  to  the  purple-clay  deposit  being  seen ; 
for  with  this  exception  the  whole  of  the  Wold  has  been  completely 
denuded  of  it.     The  fact  that  this  clay  envelopes  the  north  scarp 
and  lies  also  at  its  foot,  while  tlie  basement  clay  is  wholly  absent 
from  both  positions,  is  one  of  gn  at  importance  in  reference  to  the 
sequence  of  the  events  which  fo. lowed  the  commencement  of  the 
Glacial  period.     The  purple  clay  alone  seems  present  beneath  the 
Hessle  clay  in  north-east  Lincolnshire,  while  further  to  the  south, 
by  Burgh,  the  basement  clay  appears  (from  a  boring  mentioned  in 
the  Appendix)  to  occur.     The  purple  clay  in  its  lower  part  abounds 
in  boulders,  being  in  fact  quite  dotted  with  small  angular   frag- 
ments of  older  Secondary,  of  Palaeozoic,  and  of  metamorphic  rocks. 
These  small  fragments  just  take  the  place  of  the  small  chalk  debris  of 
the  basement  clay  and  its  correlative  deposit,  the  Upper  Glacial  clay  of 
the  more  southern  counties.     It  is  in  the  same  lower  portion  of  the 
purple  clay  also  that  the  great  blocks  most  abundantly  occur.    In  the 
upper  portion  the  small  fragments  gradually  disappear,  and  the  large 
blocks  also  become  far  less  frequent,  so  that  the  uppermost  part 
(which  at  Dimlington  can  be  well  contrasted  with  tiie  lower)  is 
scarcely  entitied  to  the  distinction  of  "  Boulder-clay."  The  lower  part 
of  the  purple  clay  in  Holdemess  also  contains  some  chalk,  but  gene- 
rally in  small  quantities  only ;  so  that  we  may  infer  that  the  portion 
resting  on  the  Wolds  and  that  which  stretches  northwards  from  the 
Wold-foot  at  Speeton,  which  is  destitute  altogether  of  chalk,  belong 
only  to  the  upper  part  of  this  formation*.     Interspersed  in  the 
lower  and  central  parts  of  the  purple  clay,  where  the  older  Secondary, 
Palaeozoic,  and  metamorphic  fragments  as  well  as  the  large  blocks 
abound,  are  some  beds  of  sand  with  gravels.     They  are  of  very 
limited  extent  and  very  intermittent.     It  is  from  one  of  these,  just 
about  the  beach-line,  and  at  a  vertical  distance,  judging  from  the 
boring  in  Bridlington  harbour  mentioned  by  Young  and  Bird,  of  some 
40  feet  from  the  base  of  the  purple  clay  (including  in  that  term  the 
beds  b  as  the  base  of  that  day),  tiiat  the  moUusca  first  made  known 
by  Mr.  Bean,  and  long  known  as  those  of  the  <<  Bridlington  Crag," 
were,  and  still  occasionally  are,  procured.     The  position  of  the  bed 

*  The  reasons  for  this  inference  are  fully  discuaaed  further  on,  pp.  168-170. 
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in  the  midat  of  the  most  boulder-boaring  horizon  of  the  puqile  cUy 
moBt  Batiafactoriiy  hiinnonizcs  with  the  chfimcter  of  the  ahclls  thcm- 
Belvce,  which,  as  the  late  Dr.  Woodward  ohserred*,  indicate  the  for- 
mation yielding  them  tu  have  heen  Accumulated  "  during  the  climax 
of  the  lost  great  age  of  cold  in  Britain  ;**  while  position  and  oi^nic 
contents  a])pcar  alike  to  indicate  its  deposit  to  belong  to  a  etogc  in 
the  Bubaidenco  n^horing  in  the  purple  chiy  that  ytus  prior  to  the 
submergence  of  the  higher  parts  of  the  Woid.  In  a  word,  it  secran 
to  us  to  belong  to  the  lower  part  of  the  purple  clay,  or  that  in  which 
there  is  a  little  chalk. 

Besting  upon  an  extremely  denuded  surface  of  the  purple  clay, 
and  even  in  siime  cases  upon  the  basement  clay  itself,  where  the 
denudation,  following  upon  the  elevation  of  the  purple  clny,  has  cut 
through  the  latter,  occur  the  bods  marked  d  and  e.  As  both  of 
these  ore  well  dcvclojicd  in  the  generally  known  section  at  Hesslc, 
on  the  Humber,  where  they  rest  directly  on  the  chalk,  they  may  be 
appropriately  termed  the  Hcsalc  sand  (or  gravel)  d,  and  the  Hesslo 
(Boulder-)  clay  f.  Itnth  of  these  deposits  appear  to  us  to  afford  the 
clearest  indications  of  liaving  been  formed  after  the  puq)le  clay  had 
been  denuded  from  uU  that  area  where  the  chalk  is  now  exposed, 
and  of  hariiig  hct-n  deposited  on  the  denuded  surfaces.  Different 
both  in  colour  and  in  character  from  the  piuple  clay,  the  Hesslo 
clay  can  generally  bo  distinguished  from  it  at  a  glance,  being  more 
earthy,  less  tenaeious,  and  iti  foxy  red  colour  being  variegated  by 
cinereous  vertical  partings.  Its  best  characterisljc.  however,  is  tho 
presence  in  it  of  irregular-shaped  fragments  of  chalk,  not  abundant, 
but  Bufflciciitly  so  to  make  a  marked  contrast  with  the  ehnlkloas 
upper  portion  of  the  purple  clay  on  which  it  so  fhtquently  rests. 
The  UcHsIe  gravel  d  has  a  considerable  but  not  uniform  develop- 
ment under  tho  clay  c,  being  constantly  ovorla])ped  by  the  lattert- 
Its  position,  usually  in  the  lower  port  of  the  ti'oughs,  iniUcates  the 
shoi^  conditions  which  introduced  tho  rcsubmcrgcnce  giving  rise  to 
tho  Hcssle  clay :  and  at  Hesslo  quarry  the  sand-bed  (d)  is  divided 
from  tho  breeciated  surface  of  Uio  chalk  by  a  thin  bed  or  pan  of 
indurated  ripjili'-mftrkcd  mud ;  and  at  Soutii  Ferriby  it  is  divided 
from  its  superincumbent  clay  by  a  similar  pan  t-     Generally  along 

•  OtoX.  MiiEiiriiio,  Tol.  i.  p.  52, 

t  Tliis  ovcrlup  nmv  V  nilrsntagenusly  studied  in  tfaoHmsIe  Bailwnj-cutting, 
at  vhich  plaro  IkiIIi  beds,  hnvin);  orerlnppFd  fur  some  miles  the  dmiidm  purpto 
eli^,  rest  imnicdiiLb'lT  on  the  clialb. 

t  A  ihoit  notice  or  thu  Hcwle  beds,  by  Prof.  Phillips,  ai  thew  oocumd  for^ 
Jttm  ago.  hsTiiig,  since  this  paper  ims  nni,  been  before  the  Socie^.  it  i«  un- 
nooonory  to  refer  here  to  tlie  orcBnio  remain*  enumrretnl  fay  him  fmm  tlte 
Herale  gmvel ;  but  wo  would  take  Sio  opporlurity  of  obaprring  that  our  remarki 
as  to  orerlsp  nnil  shoal  conditions  Rssume  the  nmtiguity  (if  the  shore,  which 
he  ennaiilpn  thcno  organic  remains  to  indicnte.  That  contiguity,  howerer,  ii 
equally  eomiisteDt  with  the  Foit^lacial  age  which  we  aatign  t<i  this  granl,  as 
with  the  FneghuHal  one  for  whioh  Prof.  FhiUtps  still  contends,  hc^nae  the 
period  to  wliirh  wb  refer  it  ia  one  when  the  am  embnced  in  our  paper  had, 
after  the  denudation  of  the  Olacial  clay  from  a  largo  nH  of  it,  beoome  land,  and 
one  which  was  foUowad  bj  the  locBlind  •Dfandmos  uiat  gvn  tiao  to  the  ITnwln 
oky.    Bnl«rtaining.  ■■  all  ninat  do,  the  high«t  Mi^Mt  far  the  opinioa  of  Prot 
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the  coast-sectiou  we  see  the  Hessle  gravel  confined  to  the  lower 
part  of  the  troughs  of  denudation  cut  through  or  into  the  purple 
clay,  and  the  Hessle  clay  (^)  alone  spreading  over  and  enveloping 
the  more  considerable  hills  formed  of  purple  clay,  such  as  that  of 
Dimlington ;  but  occasionally  the  gravel  (d)  occurs  far  up  the  de- 
nuded slopes  of  the  subjacent  purple  clay.  The  Hessle  cday  has  a 
general  uniform  thickness  varying  from  10  to  about  20  feet,  and 
may  be  said  to  wrap  the  whole  of  Holdcruess  and  East  Lincolnshire 
like  a  cloth,  spreading  over  aud  enveloping  the  denuded  edges  of  the 
basement  and  purple  clays,  and  beyond  them  extending  some  way 
over  the  chalk  iteelf,  reaching  up  the  eastern  slope  of  the  Wolds  to 
elevations  approaching  150,  and  perhaps  even  200  feet,  but  not 
now  maintaining  any  constant  elevation,  lieyond  that  altitude, 
however,  we  have  failed  to  detect  it.  The  wrapping  nature  of 
this  clay,  enveloping  hill  and  valley  alike  up  to  elevations  between 
100  and  200  feet,  and  the  posteriority  of  it  to  the  formation  of  the 
valley-system  by  denudation  in  the  interval  that  followed  the 
elevation  of  the  Glacial  beds,  may  be  seen  by  figs.  1,  5,  and  11, 
the  two  latter  showing  its  overlap  beyond  the  purple  clay.  The 
valley  (or  Postglacial)  stnicture  thus  attaching  to  the  Hessle  Boulder- 
clay  is  of  great  importance  in  showing  its  total  disconnexion  with 
the  great  Glacial  clay- formation  with  which  it  haa  hitherto  been 
confounded ;  for  although  the  purple  clay  may,  in  the  sense  that  it 
occupies  the  valley  beneath  the  northern  Wold-foot,  and  also  fills 
ancient  valleys  north  of  Flamborough,  be  called  a  valley-deposit, 
yet  it  was  deposited  during  a  submergence  tliat  not  only  involved 
those  valleys  but  also  the  lofty  Wold-summits,  and  even  much 
greater  altitudes  * ;  whereas  the  Hessle  clay  is  the  deposit  of  a 
very  partial  submergence,  not  exceeding  apparently  from  150  to  200 
feet,  and  was  accumulated  after  the  valleys  had  been  formed  by 
the  earlier  Postglacial  denudation  out  of  the  Upper  Glacial  clay. 
Along  the  coast  we  lose  this  clay  a  little  north  of  Bridlington,  where 
the  chalk  and  purple  clay  begin  to  occupy  altitudes  exceeding 
100  feet.  Notwithstanding  this  true  Postglacial  age  of  the  deposit, 
the  Hessle  clay  is  reaUy  a  genuine  Boulder-clay ;  and  although  its 
boulders  are  generally  of  no  great  size,  some  of  considerable  dimen- 
sions occur  in  it.  One  of  these,  containing  several  cubic  feet,  and 
covered  with  glacial  strio),  was  brought  from  the  Hessle  section, 
and  is  now  in  the  Museum  of  the  Literary  and  Philosophical  Society 
at  Hullt.  The  colour  of  the  Hessle  clay,  coupled  with  the  presence 
of  the  chalk-fragments  and  the  boulders  in  question,  seems  to  show 
that  it  has  been  mainly  formed,  and  its  bonlders  derived,  from  the 

Phillips,  it  nevertheless  tftccms  to  us  that  if  he  concedes,  as  he  seems  disposed  to 
do,  the  separate  and  newer  age  of  the  Hessle  clay  from  the  mass  of  the  day  in 
section  on  the  Holdemess  coast,  any  objection  to  the  ago  we  assign  to  the  gravel 
becomes  removed. 

*  We  infer  this  great  submergence  not  merely  from  the  absence  of  chalk,  but 
from  the  abundance  of  boulders  of  Shap  granite  in  the  purple  clay  from  Flam- 
borough  to  the  Tees. 

t  This,  we  infer,  was  derived  at  second  hand  from  the  purple,  or  else  Irom 
the  basement,  clay. 
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degradation  of  the  purple  clay,  rm  admixture  ofmatorialtavingbeen 
introducud  from  tlie  chalk  which  hud  been  laid  baro  of  the  Glacial  clay 
by  the  pruvioiia  early  Postglacial  denudation.  The  appearance  of 
thin  eli^'ht  chalk  arlmixlurc  is  quite  disHimilar  to  that  so  profusely 
dispersed  in  the  baaemcnt  clay  unci  in  the  equivalent  of  that  day 
over  the  central  and  eastern  counties.  In  examining  the  atructure 
of  the  latter  in  central  Lincolnshire,  wc  have  been  led  to  the  con- 
clusion that  the  enormous  prcpouderance  of  chalk  in  this  portion  of 
the  Upper  Glacial  clay  has  been  caused  by  (he  grinding  down  of  the 
Wolds  by  a  capjiiiig  glacier;  and  the  contrast  between  this  deposit 
and  the  Hesslu  clay  at  once  suggests  that  the  chalk  iu  the  latter 
has  been  iutrodiiccd  by  no  such  Glacial  action,  but  by  the  mere 
coast-erosion  of  the  Hessle-clay  waters,  assisted  by  the  transporting 
agency  of  ordiimry  ahore-ice.  The  Hessle  clay  occupies  the  gorge 
of  the  Wolds  through  which  the  Humber  passes ;  but,  so  far  as  we 
havo  been  nhl(;  to  leam  (and  wc  have  assiduously  searched  for  it),  it 
has  no  jilaco  on  tlie  westeni  side  of  the  Wolda,  the  later  part  of  the 
repeated  westerly  denudation  having  bo  sharply  swept  it  off  on  tho 
west  of  tliiN  gorge,  that  its  bounilary  there  is  but  a  continuation  of 
the  line  of  the  Wold-scarp  from  Ynrkahire  into  Lincolnshire.  Tho 
following  section  illustnites  its  portion  witbin  this  gorge,  and  the 
manner  in  whirh  tlie  Ilumbcr  (with  which  river  tho  deposit  has  no 
connexion  whatever)  has  cut  through  it. 


Fig.  2. — Section  acrosi  tJie  River  Bv.mher  (5  miles). 

North  Fmibr 


1.  Tlie  chalk. 

d.  Tlie  llc^«  sand  and  gniTcl. 

When  wo  consider  the  height  to  which  this  clay  risea  along  tho 
eastern  Wold-slope,  and  over  the  highest  of  the  purple-clay  hills  of 
Holdcracsa,  and  the  manner  in  which  it  occupies  the  Humber  gorge, 
looking,  as  it  were,  into  the  great  trough  on  the  west  of  the  Wolds — 
indeed,  slightly  entering  it — there  is  no  roo  m  to  doubt  its  fonner  occu- 
pation of  that  trough ;  while  the  manner  in  which  (prior,  necessarily, 
to  the  existence  of  the  Humber  river,  whose  stream  tho  Uno  of  denu- 
dation croseesat  right  angles)  it  has  been  cut  off  by  a  denudation  tliat 
has  swept  north  and  south  along  the  wcat«m  Wold-foot  indicates 
that  the  sea  had  possession  of  that  trough  after  the  conntty  on  tlie 
east  of  the  Wolds  had  entirely  emerged  &om  tho  waters  which  depo- 
sited the  Hessle  clay. 

At  the  only  spot  on  the  lincolnshire  coast  which  aSbrds  a  section, 
namdy  the  low  cliff  of  Clecthorpe,  the  Hessle  clay  cape  the  purple ; 
Thila  the  latter  is  shown  by  borings  there  to  exist  to  a  thickncw  of 
60  feet,  resting  immediately  on  the  chalk,  without  (as  is  the  case  also 
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at  Hall)  anything  like  the  basement  clay  intervening.  From  Clee- 
thorpc  the  Hesslo  clay  extends  southwards  over  the  belt  of  undu- 
lating ground  called  "  The  Middle  Marsh/*  which  it  envelopes, 
overlapping  the  lower  part  of  the  eastern  Wold-slope.  It  is  well 
shown  around  Alford,  where  the  brick-pits  afford  good  sections,  and 
where  it  is  seen  to  be  overlain  by  4  or  6  feet  of  a  light-brown  silt, 
which  seems  to  be  of  recent  origin,  and  not  improbably  identical 
with  that  near  Nocton  and  Langworth  referred  to  post  (p.  177). 
Four  miles  south  of  Alford  the  Wolds  terminate,  and  the  East  Lin- 
colnshire marsh  sweeps  round  to  the  mouth  of  the  Steeping  valley. 
Fringing  that  marsh  and  forming  a  belt  between  it  and  the  high 
ground,  the  Hessle  clay  sweeps  round  also,  and  occupies  (where 
it  opens  on  the  marsh  near  Firsby)  the  mouth  of  the  Steeping 
valley,  which,  when  describing  the  structure  of  central  Lincoln- 
shire, wo  shall  endeavour  to  show  is  a  vallev  formed  out  of  the 
Upper  Glacial  clay  and  Cretaceous  beds  together  by  that  part  of  the 
Postglacial  denudation  which  was  anterior  to  the  deposition  of  the 
Hessle  clay.  The  southern  extension  of  the  Hesslo  clay  beyond  the 
Steeping  mouth,  near  the  southern  extremity  of  the  Wold,  is  obscure, 
owing  to  the  flat  nature  of  the  country. 

The  gravel  of  Kelsea  Hill,  the  subject  of  the  notice  by  Mr.  Prest- 
wich*,  b  (now  that  the  ballast-pit  has  been  more  extensively 
worked)  shown  most  distinctly  to  be  overlain  by  this  Boulder-day 
of  Hessle,  no  less  than  15  feet  of  it  being  so  exposed  in  one  partt- 
Whether  this  gravel  rests  upon  the  basement  and  purple  clays,  or 
either  of  them,  or  w-hether  it  be  the  gravel  pierced  beneath  the 
basement  clay  in  a  boring  at  Sunk  Island,  elevated  for  two  or  three 
miles  round  Kelsea  Hill,  there  are  no  means  at  present  of  deter- 
mining ;  but  we  strongly  incline  to  think  that  the  Kelsea-Hill  gravel 
is  only  an  unusually  thick  and  fossiliferous  development  of  the  Hessle 
graveL  It  is  certainly  singular  that,  considering  the  frequent  ex- 
posures of  the  latter  along  the  coast,  none  of  the  organic  remains  so 
abundant  at  Kelsea  Hill  should  occur  in  them.  These  exposures, 
however,  are  generally  too  inaccessible  to  allow  of  a  proper  search 
for  organic  remains  to  be  made.  The  only  gravel-beds  on  the  coast 
(except  that  at  PauU  on  the  Humber,  which  rests  on  the  purple  clay, 
and  seems  identical,  as  Mr.  Prestwich  supposes,  with  the  Kelsea  de- 
posit) in  which  we  have  been  able  to  detect  mollusca  belong  to  the 

•  Quart.  Joum.  QeoiL  Soo.  vol.  xvii.  p.  446.  This  Kelsea  is  near  Hedon ; 
there  is  a  Kelsey  in  North  Lincolnshire,  five  miles  west  of  Castor,  near  which 
another  gravel  occurs,  belonging  probably  to  the  series  described  by  us  in  the 
latter  part  of  this  paper  under  the  heading  of  denudation-beds. 

t  It  was  a  conviction  of  this  inferiority  of  the  Kelsea-Hill  gravel  to  da^ 
then  regarded  as  the  ordinary  Yorkshire  Boulder-clay,  and  shown  in  the  Heosb 
section,  that  led  the  first-named  of  us  to  the  opinion  (expressed  in  1864)  that 
this  gravel  belonged  to  the  Middle  Glacial  formation.  The  subsequent  disoorerj 
hj  us  that  the  clay  of  Hessle  was  of  distinct  age  from  the  great  Boulder-  (or  Upper 
drlacial)  clay  formation,  with  which  it  had  hitherto  been  confounded,  at  onoe 
negatived  that  opinion.  It  is  the  20  feet  of  red  day  full  of  stones,  of  the  Old 
Pollard-farm  bonng,  regarded  by  Mr.  Prestwich  (vol.  xvii.  p.  455J  aa  **  repre- 
senting tlie  Bouldor-clay,"  which  seems  to  us  to  be  the  Hessle  olay  which  fo 
clearly  overlies  the  Kelsea  gravel  in  the  ballast-pit. 
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eoriea  Roxt  to  be  described ;  and  as  these  arc  as  unequivocally-  newer 
than  the  Hesale  clay  as  the  Kelsea-HiU  gravel  is  oldor  than  it, 
there  can  be  no  identity  between  them.  As  Kolsea  Hill  is  being 
rapidly  removed  for  ballast,  it  may  be  wcU  to  show  the  appcaniuco 
it  DOW  presents  by  section. 


Fig.  3. — Section  w^wsed  ti 

WnittiHV. 


Kehea-nill  baUatt-jnt  t«  April  1S67. 

Angls  at  Fit.  Bonth  fue. 


enU  of  c1i.i*lk. 
a  GraTcl,  prohublj  tbo  eqiiiTalent  of/of  Fig.  1.  4.  Tnliw. 

Hi-ight  of  tlie  liighe.it  faw  .*t.'>  fcrt.    Some  Inrger  boulilcri  (HO  lo  40  Iba.)  wen; 
in  tbc  pit,  but  vers  probably  derived  rroiii  tlip  griTel  ?>o.  I. 

The  remaining  eiind  and  grovel  buds  of  the  coast-section  arc  divisi- 
ble into  (tt  least  tivo  portions — namely,  into  those  marked  /,  and  those 
marked/",  tlw  latter  being,  near  Bridlington,  in  direct  Buporposition 
to  the  former ;  but  whether  tho  whole  of  those  grouped  under  the 
symbol  f  arc  of  precisely  the  same  age,  wo  have  no  means  of  de- 
termining. Indeed  it  is  not  improbable  that  sotae  of  those  grouped 
under  tho  symbol  /,  snch  as  the  gravel  at  Hornsea,  may  be  even 
nowcr  than  tho  gravel  /'  which  rests  on  the  beds  marked  /  near  Brid- 
lington, and  be  intermediate  between  that  gravel  and  the  numerous 
deposits  of  freshwater  marl  that  form  tho  lateet  deposits  along  the 
coast-section,  but  which,  from  the  smallness  of  the  scnlo.  arc  omltt^ 
from  flg.  1.  These  /  beds  all  occupy  subsidiary  volleys  e^tearated 
throi^h  the  great  vailcy-deposit  of  tho  district,  tho  Heasle  clay, 
and  consist  either  of  laminated  sands  with  included  grarel-beds, 
or  of  gravel  only.  A  considerable  bed  of  this  series  occupies  the 
valley  nt  Hoi'iisen,  and  is  intersected  hy  tho  coast-line.  On  th« 
north  of  the  Marine  Hotel  at  that  place,  in  addition  to  beds  of  loam 
intercalated  in,  and  false-bedded  with,  the  gravel,  a  loam-bed  oc- 
curs beneath  the  gravel  (/)  6  ft«t  thick,  containing  freshwater 
mollusca  in  great  abundance.  At  tho  Uomsea-bridgo  station  (where  - 
this  bed  is  in  seetion)  the  intercalated  loam  with  mollusca  is  seen, 
to  bo  obliquc-beddcil,  with  tho  gravel  at  s  high  angle.  The  mollusca 
which  we  have  obtained  from  Uiis  deposit  ore  all  purely  freshwater 
fonuB,  existing  and  common  in  this  country,  belonging  to  the 
genera  Limiua,  Planorbin,  Biihynia,  Anodonta,  Ci/dat,  and  iV>t- 
dium ;  but  we  were  not  able  to  find  any  traces  either  of  Cyrena 
fiumtMilit  or  Hi/drohia  margitiata.  From  no  other  beds  of  this 
Bcries  have  we  been  able  to  obtain  any  fossils ;  and  their  origin, 
whether  freshwater  or  marine,  is  therrforo  uncertain.  The  most 
extensive  of  them  is  that  intersected  by  the  coast  between  Auburn 
and  Bridlington ;  and  this  appears  to  be  the  transverse  section  of  a 
duet  which  runs  inland  towudsDrifflold,  along  the  basa  of  tho  inner 
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(or  south-eaBtem)  slope  of  the  North  Wolds,  and  has  a  thickness  of 
upwards  of  25  feet,  composed  of  finely  laminated  sands  with  included 
gravels.  Besting  on  this  last-mentioned  sheet,  deeply  indented 
into  it,  and  overlapping  it  towards  the  north,  occurs  the  gravel 
marked /*.  This  bed  is  intersected  by  the  cliff  for  a  distance  of  four 
miles,  and  has  a  thickness  varying  from  10  to  20  feet.  It  is  com- 
posed principally  of  hard  chalk  debris,  derived  jfrom  the  adjacent 
\yold,  with  some  intemuxture  of  fiint  and  fragments  of  various 
rocks,  derived  probably  from  the  purple  clay.  This  bed  (which  we 
may  assume  was  deposited  horizontally)  rises  up  towards  the  Wolds 
on  the  north  of  Bridlington  until  it  attains  an  elevation  of  nearly 
100  feet ;  but  south  of  that  place,  towards  Auburn,  it  descends  nearly 
to  the  beach ;  from  which  it  would  seem  to  follow,  as  the  coast- 
section  is  transverse  to  the  sheet,  that  some  inequality  in  the  eleva- 
tion of  these  parts  took  place  at  so  recent  a  period  as  that  which 
followed  the  gravel  f\  All  the  beds  belonging  to  the/ series,  although 
some  of  them  probably  are  fluviatile,  as  those  at  Hornsea,  appear  to 
have  had  their  connexion  with  the  sea  in  the  easterly  position 
which  it  now  occupies,  and  afford  the  first  indication  which  we  meet 
^vith  of  that  state  of  things  among  the  formations  that  we  have 
been  describing. 

Capping  all  the  beds  from  c  to  /'  indiscriminately  (but  most  fre- 
quently and  extensively  resting  on  the  beds  of  series  /)  occur  nu- 
merous deposits  of  white  freshwater  marl,  abounding  with  Cyclas. 
That  at  Hornsea  appears  to  have  been  the  deposit  of  the  mere  &ere, 
during  some  earlier,  and  perhaps  historical,  period ;  and  a  blue  clay, 
associated  with  the  remains  of  a  forest,  occurring  on  the  shore  at 
low  water,  at  Sand  le  Mere,  seems  to  be  similarly  connected  with 
the  former  extension  of  the  mere  there.  Some  of  these  deposits  on 
the  higher  part  of  the  chtfs  may  be  due  to  ancient  swamps,  or  may 
even  be  the  bottoms  of  dried-up  ponds ;  but  it  is  very  remarkable  that 
some  of  the  white  marl  of  this  series  is,  at  Paull  Cliff,  on  the  Humber, 
along  with  the  gravel  on  which  it  rests,  and  apparently  with  the 
purple  clay  below  it,  thrown  into  a  nearly  vertical  position ;  and  the 
whole  accumulation  of  marl,  gravel,  and  purple  clay  together  is 
thrown  into  confusion  ♦.  An  extensive  sheet  of  this  Gydas  maii 
occurs  (resting  on  the  inland  extension  of  the  gravel /*)  at  the  foot 
of  the  eastern  Wold-slope  to  the  west  of  Driffield,  along  the  course 

*  A  careful  drawing  of  the  spot  wns  made  by  the  first-named  of  us  in  1864, 
as  the  progress  of  the  works  connected  with  the  battery  tliere  was  likely  to  con- 
ceal  the  section ;  but  the  well  sunk  there  indicates  the  same  thing,  the  oppoflite 
sides  of  the  well-shaft  not  according  with  each  other.  A  similar  cam  exists  at 
the  brickfield  on  the  north  side  of  Southwold,  in  Sufiblk  (by  tlio  shore),  where, 
in  18(VG,  a  similar  white  marl  with  Ci/clas,  resting  on  scTeral  feet  of  sand  and 
gravel,  which  rested  on  the  XTppor  Glacial  clay,  was,  together  with  the  sand  and 
clay,  shown  to  liavo  been  thrown  into  a  nearly  vertical  position.  A  careful 
drawing,  also,  of  this  section  was  made  by  the  first-named  of  us.  Can  these  local 
disturbuncett  be  connected  with  those  greater  morements  which  at  a  very  late 
period  have  given  rise  to  the  Thames  river,  as  discussed  at  page  414  of  the  23rd 
volume  of  this  Journal,  and  to  the  recent  easterly  deprcKsiun  of  Yorkshire  and 
Linoolnshiro  to  which  we  allude  further  on  ?  or  are  they  due  to  local  subaideiioes 
produced  by  some  subterranean  percolation  of  water  ? 
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of  tlio  well-known  tront-etrcam ;  and  this  la  tho  only  iCBtonco  in 
which  wc  have  detected  inland  these  beds  so  fretjuent  in  the  coaat- 
gection.  Duubtlesg  this  is  due  to  their  feeble  development  render- 
ing them  difficult  of  detection  when  not  in  section.  These  Cyelai- 
marls  are  not  shown  in  the  condensed  section  No.  1,  on  account  of 
the  Bmollncss  of  \t&  scale ;  but  tho  places  of  their  occurrence  ore  given 
in  tho  reference  to  the  section. 

All  the  beds  occurring  inland  over  south-cast  Torkshiro  and 
north-east  Lincolnshire,  with  the  exception  of  tho  sands  and  gravels 
on  the  Wold-summit  and  on  the  Lincolnshire  Oohtic  ritlgc,  and  also 
of  the  marsh  or  Humber  silt- deposits,  are,  we  think,  referable  to 
one  or  other  of  the  beds  occurring  in  the  coast- section.  These 
excepted  sands  and  gravels  will  be  more  conveniently  described  in 
connexion  with  the  dcnu(hition-featurcs  of  the  area  under  considera- 
tion, to  which  dcuiidiition  wo  regard  them  as  due.  In  Lincoln- 
shire, around  flceby  *,  arc  numerous  pita  of  gravel,  and  some 
of  the  Hi-ssle  clay,  wldch  show  the  latter  retdiiig  immediately  on  the 
chalk  without  the  intervention  of  the  gravel  d.  It  is  probable, 
therefore,  that  these  Ulcoby  gravels  belong  to  tho  scries  /;  but  con- 
sidering how  abruptly  tho  Hcssle  cliiy  overlaps  its  gravel,  tlioro 
must  always  remain  great  uncertainly  in  assigning  the  graveli 
inland  to  their  true  position  in  the  coaat-secjuenco.  All  the  gravels, 
however,  that  occur  at  numerous  places  along  tho  lower  edge  of  tho 
eastern  flank  of  tho  Wold,  both  in  Yorkshire  and  Lincolnshire, 
belong,  we  think,  either  to  the  beds/and/*  or  to  the  Hcssle  gravel  t/, 
and  most  of  them  to  the  former. 

On  the  eastern  slope  of  tho  Wold,  however,  at  Einnington,  in 
north-east  Lincolnshire  (ton  miles  south  of  Hull),  and  at  an  eleva- 
tion (aa  we  estimate)  of  between  100  and  ISOfeet  above  the  sea,  eorrc- 
Bponding  to  the  higher  limits  of  the  Hossle  clay,  there  occurs  a  deposit 
which,  unless  it  belongs  to  that  clay,  and  forme  an  estuorine  portion 
of  it,  as  wc  infer  it  docs,  has  no  plnco  in  the  coaat-scctioa.  This 
deposit  consists  of  a  briek-clay  inlerbeddcd  with  sands,  and  cajqtcd 
by  a  thick  bed  of  large,  rounded,  or  beach-rc^od  flints.  The  day 
has  yielded  some  horns  of  a  Ctnntt,  and  slso^the  estuarino  or  lit- 
toral mollufica,  Serohicularla  jiiperata  and  M;/tilus  eduJU.  Its 
isolated  character  (although  we  behove  that  it  cxt«nds  into  th« 
adjoining  parish  of  Ureat  Limber),  coupled  with  ita  cstuarine  fJEtona, 
and  its  occurrence  at  almost  the  extreme  limit  of  elevation  to  which 
we  have  been  able  to  trace  the  Hessle  clay,  as  well  as  the  apparent 
continuity  which  it  has  homontally  with  that  day,  conspire  to 
indicate  tiiat  it  is  a  portion  of  the  Hessle-day  formation.  The  wat«T 
prevents  any  attempt  to  ascerttun  whether  it  rests  on  the  chalk  or 
on  the  Hcsslo  clay.  It  is  far  beyond  the  limits  of  that  port  of  the 
purple  day  which  the  denudation  had  spared. 

The  only  other  deposit  to  bo  notieod  in  this  description  of  the  sonth- 
eaat  Yorkshire  and  north-east  Lincolnshire  beds  is  that  disdosed  bj 
the  borings  and  excaTations  at  the  docks  of  Hall  and  Grimsby.  The 

•  Thu  u  Ulcebf  in  North  Linoolndiin;  tlian  is  anotlw  on  the  Wgl^ 
Mowd  b;  tbo  aoction  givan  in  llg.  8. 
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excavations  at  Hull  we  ourselves  examined ;  and  they  showed  the 
Hessle  clay  (underlain  by  the  sand  d,  and  that  again  by  the  purple 
clay)  irregularly  denuded  and  overlain  by  a  bed  of  silt  upwards  of 
20  feet  thick,  at  the  bottom  of  which  were  the  remains  of  a  forest 
growing  upon,  and  with  the  stools  in  places  rooted  into,  the  Hessle 
cLiy  ♦.  This  deep  accumulation  of  silt  abounded  to  the  very  bottom 
(whore  the  shells  rested  on  the  forest)  with  the  ordinary  estuarine 
mollusca  of  the  Humber — Scrohicularia  piperata,  TelUna  aolidtda. 
Cardium  edide,  Littorina  littorea,  &c.  In  part  this  forest-bed  was 
also  underlain  by  the  silt,  showing  an  oscillation  of  level  during  its 
growth.  We  have  in  this  the  most  unequivocal  evidence  of  a  very 
recent  subsidence  in  an  easterly  direction,  by  which  the  Humber 
has  been  introduced  over  a  previous,  though  still  a  late.  Postglacial 
land  surface.  This  silt  seems  to  be  the  same  deposit  which  occupies 
all  the  lowest  grounds  around  the  Humber  and  along  the  north 
Lincolnshire  coast,  and  is  easily  distinguishable,  by  the  dark  colour 
and  fertilityjof  its  soil,  from  the  foxy  and  less  fertile  Hessle-clay 
tracts  which  it  fringes ;  and  this  again  seems  to  indicate  some  oscil- 
lation of  level  since  the  depression  which  submerged  the  forest, 
because  much  of  this  silt  (or  often  blackish  clay)  deposit  is  above 
high-water  mark.  At  Hull  the  dock-borings  showed  this  forest  to 
be  now  from  20  to  37  feet  below  high- water  mark  of  ordinary 
spring  tides,  the  whole  of  that  depth  being  occupied  by  the  silt  with 
mollusca  and  salt  water.  The  borings  for  the  Grimsby  Docks  dis- 
closed the  same  forest-bed  at  still  greater  depths,  varying  from  35 
to  62  feet  below  high  water  of  ordinary  spring  tides,  and  every- 
where covered  with  silt  and  salt  water.  From  the  Grimsby  borings 
(which  were  more  than  100  in  number,  and  principally  carried  to 
depths  of  from  70  to  80,  but  in  some  to  upwards  of  100  feet  below  high 
water)  regular  sections  were  constructed  by  the  dock-engineers. 
An  examination  of  these  has  satisfied  us  that  the  lower  part  of  tho 
purple  clay,  which,  with  a  thickness  varying  from  20  to  60  feet  (in- 
clusive of  the  sand-  and  gravel- beds  c'  and  6),  rests  immediately  on  the 
chalk,  is  here  cut  through  by  a  trough  containing  sands  and  gravels 
of  the  series  /  before  described.  These  being  in  places  covered  by 
the  forest-bed,  the  depression  which  has  submerged  the  land  surfjBUie 
would  appear  to  have  been  posterior  to  the  formation  of  tho  beds  /. 
In  some  parts  there  were  two  forest-surfaces,  divided  by  a  bed  of 
leafy  clay,  from  6  to  15  feet  thick,  but  both  newer  than  the  sands- 
which  we  refer  to  series  /.  We  are  informed  by  the  engineer,  E. 
H.  Clarke,  Esq.,  that  abundance  of  the  stems  and  roots  of  the  trees 
were  found  in  excavating  the  docks.  The  old  troughs  thus  filled 
with  gravel,  and  overspread  with  silt  and  black  mud  now  converted 
into  land,  penetrate  the  north-east  of  Lincolnshire  for  soyeral 
miles,  and  give  rise  to  a  common  feature  of  this  part,  called  blow- 
wells.  If  we  are  right  in  referring  these  submerged  troughs  of 
gravel  to  those  marked/ and/  on  the  coast- section,  it  follows  that 
not  only  has  there  been  the  recent  considerable  easterly  depression 
so  unequivocally  shown  by  the  position  of  the  forest,  but  this  de- 

*  See  flection  in  appendix. 
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prcssion  has  been  bo  unequal  that  while  the  graTols  of  that  Bcrics 
under  GrimBby  descend  to  100  feet  below  high  water,  thoy  gradually 
rise  in  going  nortliwords  towurdx  Bridlington,  so  Uiat  their  bases, 
as  shown  in  fig.  1,  are  considerably  aboTo  the  beach  near  that 
place'.  Wo  learn  also  from  Mr.  Ball,  of  Brig^,  and  from  Ur.  Atkin- 
son, the  engineer  of  the  jlnchobne  navigation,  that  the  remains  of  a 
forest  which  was  composed  prindpaU y  of  yew  and  ouk  exist  bcueatJi 
the  marshes  of  tlie  Ancholme,  at  a  depth  of  13  feet  below  high  water 
of  ordinary  spring  tide  in  the  Humber  estuary.  This  forest  is  cap|icd 
by  G  fet^t  of  clay,  with  the  remains  of  freshwater  plants,  ii])on  which 
is  another  and  similar  forest-bed ;  from  which  it  would  appear  that 
the  depression  which  has  so  greatly  afFi«tcd  the  coast  twenty  miles 
to  the  oust  of  the  Ancliolme  has,  but  in  a  less  degree,  also  uft'i'cted 
the  parts  inland,  so  as  to  bring  the  site  of  a  fttrest  wliich  had  grown 
in  the  tniugli  lying  on  the  west  of  the  north  Lincolnshire  Wold, 
Bubsetjuently  to  its  dcftertion  by  the  waters  of  the  Ilesale-cLiy  nea, 
once  more  below  the  sea-icvel,  and  caused  it  to  be  overspread  with 
the  de^Kisit  of  the  fresh  waters  of  the  Aneholme.  We  have  itiso 
reason  to  believe  that  evidences  of  this  recent  i-asterly  dcpreAsion  of 
>\  late  Postglacial  forest-surface,  varied  by  some  ciliglit  oscillations, 
obtain  farther  muth  over  the  area  of  the  great  fen  country.  The 
same  evidences  of  a  late  depres^iuQ  appear  to  exist  along  the  edges  of 
the  8everu  Estuary,  on  the  Laucashire,  and  on  xome  piirts  of  the 
southern  coust,  but  not,  wo  think,  to  so  great  a  depth  iia  at  Urimeby. 
Neverthelctis,  although  these  evidences  of  recent  deprcstiiou  occur  on 
both  sides  of  Knglaud,  their  general  absence  suggests  that  this  de- 
pression has  not  been  uniform. 

In  considering  tlie  direction  in  which  the  purple  clay  has  been 
denuded,  and  the  action  which  has  brought  the  scarp  of  the  York- 
shire and  north  Lincohishire  Wold  into  die  condition  wc  sec  It  now, 
wo  have,  as  we  propose  further  on  to  show,  been  led  to  the  couclu- 
sion  that  tie  i'ostglat^ial  sea,  previously  to  the  formation  of  the 
Hessle  clay  and  gravel,  had  its  place  on  the  west  of  the  Wolds,  all 
to  the  east  of  them  being  land,  and  that  the  same  thing  was  re- 
pented utVr  the  elovntion  of  the  Hessle  clay.  The  eseavation, 
therefore,  of  the  troughs  containing  the  Reriea  /  through  tbo  Hcsslo 
clay,  the  relation  which  they  appear  to  have  with  the  soa  in  its 
present  place,  the  formation  and  subseciuent  burying  of  these  blow- 
well  channels,  coujiled  with  the  depression  of  the  land  surface  at 
Hull  and  Ijrimsby  at  some  period  subeoqaent  to  the  Hessle  elay  (on 
which  the  forL-st  rests  at  Hull),  appear  to  us  to  have  a  manifest 
connexion  with  that  very  recent  easterly  depression,  followed  by 
partial  aud  uuuqual  elevation,  which  Qie  fint-named  of  us  has 
troce^  as  having  affected  the  country  rouud  the  Thames  month  i*, 
and  which  seems  to  be  traceable  also  in  ^c  silting  up  of  the  rircr- 
Tolleys  of  north-east  Norfolk,  to  which  the  Bev.  J.  Qonn  has  called 

*  It  u  impowible  to  nuiipow  this  ine 
the  cliff,  aa  Uum  gmelH  nro  higbert  nero  tiia 
o(  Bridlington. 

t  QuKTt.  Joum.  Oeol.  Sue.  vol.  ixiiL  p.  414. 
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attention  *.  Unless  wo  suppose  the  forest  at  Grimsby  to  have  grown 
down  to  the  very  level  of  high  water,  we  must  allow  an  even  greater 
depression  than  the  52  feet  of  the  Grimsby  borings ;  and  it  will,  we 
think,  occur  to  all  how  material  an  alteration,  and  in  some  parts  re- 
versal, of  the  earlier  lines  of  Postglacial  drainage  such  a  depression 
must  involve,  if,  as  the  position  of  the  /  beds  in  fig.  1  seems  to  show, 
it  were  not  equal  over  the  area. 

Leaving  the  sands  and  gravels  on  the  Wold-top  and  along  its 
scarp-foot,  and  those  of  the  Oolite  ridge  of  Lincolnsliire  to  be  de- 
scribed in  reference  to  the  denudation,  we  pass  to  the  structure  of 
southern  and  central  Lincolnshire. 

III.  The  Structure  of  Southern  and  Central  Lincolnshire. 

The  scarp  of  the  chalk  Wold  extends  as  a  continuous  clifF-liko  t 
slope  from  the  north-eastern  edge  of  the  formation  at  Speeton, 
whore  it  is  buried  in  the  purple  clay,  until  it  reaches  the  Glacial 
clay-tract  of  mid  Lincolnshire,  which  begins  near  Castor,  and  is 
throughout  formed  of  the  chalk  alone.  South  of  Castor,  however, 
the  western  edge  of  the  chalk  ceases  to  maintain  this  feature,  and 
the  cliff-like  and  regularly  continuous  scarp  changes  into  ridges  of 
(ilacial  clay,  chalk,  and  subcrctaceous  beds  together,  that  rise  to 
elevations  equal,  and  even  superior,  to  that  possessed  by  the  cliif- 
like  scarp  itself  for  the  southern  sixteen  miles  of  its  stretch.  From 
the  part  where  the  Glacial  clay  begins  to  set  in,  there  is  not  only  no 
cliff-like  scarj),  but  the  edge  of  the  chalk,  in  common  with  the 
Glacial  clay,  and  in  some  instances  with  the  subcrctaceous  series 
also,  is  denuded  into  a  series  of  ridges  and  valleys  which  run  out  in 
various  directions,  both  ])arallel  with,  and  at  right  angles  to,  the 
subcrctaceous  outcrop.  This  feature  has  a  most  important  bearing 
upon  the  Postglacial  structure  of  the  region. 

The  following  sections  follow  the  line  of  the  Great  Northern  and 
the  Manchester,  Sheffield,  and  Lincolnshire  liailways.  The  first  of 
them,  fig.  4,  starts  from  the  north-eastern  edge  of  the  large  insular 
mass  of  Upper  Glacitd.  clay  which  occupies  the  principal  portion  of 
the  counties  of  Huntingdon  and  Bedford,  and  part  of  those  of 
Buckingham  and  Cambridge  (being,  except  that  it  is  divided  by 
narrow  channels  of  denudation,  the  second  in  point  of  size  of  the 
tracts  of  Glacial  beds  in  England),  and  is  carried  north-westwards 
to  the  outcrop  of  the  Trias  in  the  valley  of  the  Trent  at  Newark. 
The  second,  No.  5,  is  carried  from  the  Trias  outcrop  higher  up  the 
Trent  valley,  north-eastwards  to  the  Holdemess  coast.     These  two 

*  Qcol.  Mag.  vol.  iv.,  p.  519. 

t  In  making  use  of  the  term  *'  cliff-like  '*  we  would  bo  understood  as  distin- 
guisbing  br  it  the  contimious  8carp>  ^^^d  not  as  implying  that  the  chalk  escarp* 
ment  eyer  formed  an  actual  sea-clin.  It  will  be  seen  tnat  we  regard  the  southern 
part  of  it  as  a  Postglacial,  and  the  northern  part  of  it  as  an  Intra-  as  well  as 
Postglacial  marain  of  denudation,  partly  (at  least)  marine.  The  slqM  of  the 
escarpment,  although,  from  the  disproportion  of  the  vertical  scale,  unavoidablj 
represented  in  the  sections  as  precipitous,  is,  like  all  tiie  other  escarpments,  far 
less  steep  than  the  most  sloping  sea-cliff. 


1-KOCEEDINOS  0?  THE  OEOLOOICiL  BOCIRTr. 

"I  m  ■ 


J?ll 


f-- 


1  ^^"^     4 

J'Si    1 
^^•  =  1     1 


n 


WOOD  AND  ROME — LINCOLNSHIRE  AND  8.E.  TORKSniUE.  IGl 


H 

o  o- 


^^M  (« 


« 

A 


6\ 


tf 
H 


r 


4 


8 

In 


^  A"?  .1.—* 

a.  c  o  ■-  c 
^  EI  ^  *  73 
"^^  ^-  =  -  '^ 

«•  c  ^  " 
*^  ^  .  ?  '" 
i::  ».  t,  5  ^ 

t*  s  5  &.§ 

^  £  ^  o  '^ 
*^ .  -  _«  "^  *— 

*»r.— ^    Crf    S    i 


3S 


c  _ 
o_2l>  OB  2 

ac 


S  t  a  -  ^ 


'Si  S  5      "^ 

^•^       d 

^X    t.    rt    C 

■r  ®  O  fe 
,  -^  4  »^  8. 

ig'S''3   C    O   5 

*F  o5  ^  '^  CI  '33 

"P^  a  *  I 


o 
o 


^  3  tc; 

C"3  « 


S 


J 


16>!  PROCEBDINOB  OK  lUK  OKDIAOICAL  BOCDCrT, 

acctions,  oath  stretching  from  a  groat  tract  of  undenuded  Glacial 
clay  into  the  troughs  occupied  by  the  Poatglncial  Hca,  show  the  ci- 
tensive  denudatiou  of  the  Ulncial  beds  which  haa  taken  place  towurda 
the  Trout  valley  (that  in,  in  a  wtslerli/  direction),  both  from  tho 
northern  and  from  tho  eouthcm  estremities  of  the  oroa  under  con- 
Bidci-ation. 

Tho  cliff-like  (or  continuous)  scarp  presented  by  the  edge  of  tho 
chollc  everywhere  north  of  Castor  is  illustrated  by  the  part  of  the 
section  fig.  5  which  crosses  it,  tlie  only  differouee  being  the  groater 
clevulions  whicli  it  attains  north  of  the  Humbcr,  Now  the  sec- 
tion across  mid  Lincolnshire  (fig.  6)  shows  a  stracture  of  which 
iig.  5,  owini;  to  the  greater  and  different  denudation  of  the  area  tra- 
versed by  it,  aflorils  no  trace  (namely,  that  the  Olaoial  clay  occupied 
tho  extensive  depression  formed  by  tlie  eastern  slope  of  the  Oolitic 
ridge,  and  by  the  western  slope,  not  scarp,  of  the  chalk  Wold),  and,  as 
it  seems  to  ns,  n-ill  clearly  indicate  that  the  elilf-liko  (or  continuous) 
scarp  of  tho  chalk,  presented  in  fig.  5,  has  been,  if  not  produced, 
yet  augmented  and  modified  by  a  denudation  supplementary  to  that 
which  has  formed  the  valleys  traversed  by  the  sectiou  in  fig.  (i.  Fig.  5 
(which  in  this  ri'spect  may  be  regarded  as  illustrating  the  condition 
of  the  entire  Wold -scarj)  from  the  Purjile-clny  edge,  nearSpceton,  to 
the  commencement  of  the  (ilacial-clay  tract  of  mid  Lincolnshire) 
exhibits  no  trace  of  the  chalky  (or  basement)  part  of  tho  Upper  Glacial 
clay,  or  of  tho  purple  (or  upper)  part  of  that  clay,  or  of  the  more 
feeble,  and  Postekcial,  Hcsale  clay,  either  on  tho  Wold-top  or  on  the 
western  slope ;  while  associated  with  that  feature  occurs  the  cliff-like 
scarp  in  question. 

Let  us  now  contrast  the  featiu-es  of  fig.  5  with  those  afforded 
by  fig.  0,  carried  across  mid  Lincolnshire,  and  intencctiiig  the 
Woldfl  where  tliey  have  no  cliff-hke  scarp. 

This  section  ohowa  tliat  beforo  the  Glacial  elay  was  swept  nwny 
by  denudation,  tho  slope  formed  by  tho  outcrop  of  the  chalk  base 
and  of  the  Bubcrctaccous  series  was  occupied  by  this  clay  in  great 
thickncaa,  tho  occurrence  of  outliers  of  it  upon  the  chalk  itself 
proving  that  it  also  spread  to  somo  distance  over  tho  western  edge 
of  that  formation  ", 

It  b  out  of  the  chalk  and  subjacent  deposits,  with  tho  Glacial  clay 
bedded  up  to  and  over  them  in  soHd  mass,  that  tho  vaUey-ayatem  of 
mid  Lincolnshire  has  been  cut,  as  from  one  common  bed,  by  t^e 
Postglacial  denudation.  To  all  intents,  as  far  as  the  formation  of 
the  valleys  goes,  tho  Glacial  clay  of  this  part  may  bo  regarded  as  tho 
samo  bed  for  the  action  of  denudation  as  the  subcrotaceous  sands  and 
Bandstono  whoso  place  it  has  taken ;  and  as  this  feature  has  a  spocial 
interest  in  connexion  with  tho  stracture  of  the  Upper  Glacial  day  in 
other  parts  whero  similar  features  prevail,  wo  give  the  following  de- 
tailed sections  in  illustration  of  it  (p.  161); — 

Fig.  7  is  carried  across  the  vidley  of  the  Bain  and  across  that 

of  a  tributary  of  this  river ;  but  the  latter  vsUey,  althou^  ita 

watershed  falls  into  the  fiain,  owing  to  a  rin  in  the  bottom  between 

•Seedg.  Ktjwit 
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Scramblesby  and  Belchford,  is  really  a  contmuatiou  of  the  same 
original  trough  of  denudation  as  the  Steeping  valley — as  is  the  case 
also  with  the  valley  intersected  by  section  11 ,  and  with  the  Bain 
valley  north  of  the  part  where  section  6  cuts  it,  this  trough  running 
parallel  with  the  Wolds. 

Fig.  8  is  carried  across  the  south-eastern  extremity  of  the  same 
trough  (which  is  in  that  part  occupied  by  the  Steeping  river),  and 
near  the  southern  termination  of  the  Wold.  By  reason  of  the 
Wold  narrowing  in  this  direction,  we  have  space  to  carry  this 
section  across  it  from  the  Glacial  clay  of  mid-Lincolnshire  to  the 
edge  of  the  Hessle  clay,  where  it  rises  from  the  low  ground  of  Eaat 
Lincolnshire.  We  are  thus  enabled  to  see  the  relative  positions  of 
the  Hessle  clay  and  of  the  Glacial  clay  of  mid-Lincolnshire,  and  the 
contrast  presented  by  the  former  as  a  true  Postglacial  or  valley* 
formed  bed  resting  against  the  eastern  side  of  the  Wold,  to  the 
massive  deposit  of  the  latter,  out  of  which  and  the  Wold,  together, 
the  trough  occupied  by  the  Steeping  river  has  been  cut. 

In  describing  the  limits  of  the  Hessle  clay,  we  mentioned  that  at 
its  southern  extremity  it  entered  the  trough  of  the  Steeping.  This 
circumstance  enables  us,  by  carrying  a  section  (fig.  9)  from  the 
part  where  fig.  8  cuts  the  Glacial  clay  at  Mavis  Enderby  to  the 
southern  extremity  of  the  Wolds,  to  show  the  Hessle  clay  £stinctly 
lying  as  a  valley-deposit  in  the  trough  thus  cut  out  of  the  Glacial 
clay  and  chalk  Wold.  The  contrast  between  the  chalky  clay  a!  and 
the  Hessle  clay  e  in  this  section  is  too  distinct  and  complete  to  admit 
of  the  possibility  of  their  belonging  to  the  same  formation. 

Fig.  9. — Section  across  the  River  Steeping,  from  Mavis  Enderby  to  the 

Wold'brow  at  Welton  Mill, 

^f  .S.W^.  B.XV«E> 

ICaris  Steeping  North  ride  Woldbmmftt 

Enderby.  Hundleby.  Biver.      ofAihbj.  Welton  Mill. 


1.  Oolitic  clay.    2.  Subcreta49eou8  series.    3.  The  Red  Chalk.    4.  The  C^ialk. 
a'.  The  white  or  exoesriTely  chalky  clay.    e.  The  Hesale  clay. 

The  structure  of  this  trough  between  the  part  where  (in  the 
condition  of  a  tributary  to  the  Bain)  it  is  crossed  by  fig.  7,  and 
the  part  where  it  is  crossed  by  figs.  8  and  9 — a  distance  of  ten  miles 
— is  identical  throughout  in  all  essential  features ;  and  if  the  section 
given  by  Mr.  Judd,  at  page  247  of  the  23rd  volume  of  this  Journal, 
be  continued  beyond  Felletby,  by  the  addition  west  of  that  place  of 
a  solid  tract  of  the  Glacial  clay,  first  overlying  for  a  short  distance, 
and  then  bodily  taking  the  place  of  the  Subcrctaceous  beds,  and  rest- 
ing on  the  Oolitic  clay,  down  to  which  the  valleys  are  cut  (in  the 
same  manner  as  in  tiie  portion  of  fig.  7  between  Scramblesby  and 
Edlington),  that  gentleman's  section  will  illustrate  this  trough  at 
the  part  interme^ate  between  our  figs  7  and  8,  the  bed  "  6 "  of 
Mr.  Judd  (or  "  peculiar  drift'^  being  the  Glacial  day  a'  of  our  Mo- 
tions.    The  same  structure  obtains  also  for  several  miles  ftirther 

VOL.  XXIV.  ir 
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north,  until,  a»  uhown  in  fig.  11  (p.  160),  the  trough  entera  the 
body  of  the  ihnlk  itself  near  Thor]*  lo  Mere,  the  Qlacitd  clay  ro- 
maltiiiig  bcddcil  up  to  thi?  chalk  in  that  part. 

The  erosion  of  the  greater  part  of  the  Subcrctacoous  beds,  and  tho 
bedding  of  the  Glacial  cluy  solidly  agninat  the  residue  of  them,  ac- 
companied with  an  overlie  of  ttus  residue  by  the  clay  at  a  higher 
level  than  the  bcdded-np  portion  (which  hu  led  to  a  much  greater 
Postglacial  denudation  of  tho  ovurlj-ing  port  of  tho  clay),  is  precisely 
anatiigouii  to  what  we  find  exhibit^-d  by  tho  Glacial  day  in  the  case 
where  it  cncountored  the  Subcretaceous  sands  in  Cambridgeshire, 
and  the  I5ngshot  santla  in  Essex.  In  Cnmbridgeehire,  along  a 
lino  extending  from  the  chalk  at  Erersden  (where  it  ie  overlain  by 
the  Glacial  elay,  asshowniu  the  section,  tig.  7,  page  402,  of  the  23rd 
volume  of  this  Jounial)  towards  Itcdford,  there  ia  tho  same  removal 
by  tho  Up])er  Glacial  sea  of  the  greater  part  of  tho  Subcretaccous 
beds,  and  the  bcdding-up  of  the  deposit  of  that  sea  against  the  undo- 
gtroycd  part  of  lliose  bi-ds,  aa  we  find  presi'iited  by  our  foregoing 
sections  (figs,  C,  7,  and  8)  small  patchos  still  remaining  over  tho 
nndestroyed  jmrt,  attesting  the  former  overhu  of  this  portion  by  the 
CilaeiiLl  clay  *.  Throughout  ceatrol  Lincolnshiro,  where  any  of  tho 
Glacial  clay  remains,  we  see  it  resting  on  the  shelving  edge  of  what 
was  tlic  Glacial  sea-bottom,  formed  by  tho  Fncglacial  slope  of  tho 
Subcretaccous  outcrop  f.  Wo  may  thus  assume  that  it  was  the 
scour  of  this  sea,  in  tlio  shallow  condition  obtaining  at  the  period  ot 
its  first  entry  into  tho  mid- Lincolnshire  depression,  which  destroyed 
much  of  the  Suhcretoerous  series  in  this  partj. 

The  hill-ranges  of  (Uaeial  clay  formed  by  the  erosion  of  the  mid- 
Lincolni>hire  valley- system,  and  traversed  by  tho  preceding  sections, 
arc  solid  ni:i:<Mes,  o'luulling  in  height  the  chief  part  of  the  lincoln- 
shiro Wuld,  being  only  exceeded  by  a  small  portion  of  it  near  Ston- 
nigatc.  They  even  appi-or  to  surpass  in  height  tho  northern  part 
of  that  Wold,  where,  for  sixteen  mOcs,  it  presents  the  continuous 
scarp  crossed  by  fig.  5 ;  but  the  elevations  not  being  given  in  the 
Ordnance  maps  of  this  part,  we  have  no  means  of  knowing  them  pre- 
cisely. The  western  heights  of  tho  Bain  valley  form  a  continuous  solid 
range  of  this  clay,  that  is  in  effect  a  continuation  of  tho  Wold-brow 
for  twelve  miles  from  the  Ueaoage  Arms  Inn  to  HomcasUe.  Bontb 
of  that  place  the  ridge  sinks  to  low  elevations,  but  is  continnoas  to 
Kirkby- super-Bain,  the  whole  forming  a  narrow  ridge  nearly  twen^ 
miles  in  length,  formed  throughont  of  the  Glacial  clay.  The  mass 
which  divides  the  Bain  vaUey  from  that  of  the  Stoept^  forma  an 
equally  persistent  range,  ten  miles  in  length,  and  extending  &om 
near  Scrivolsby  to  liuvis  Enderby  on  the  one  side,  oad  Wood  En- 
derby  on  the  other  § ;  but,  having  a  greater  breadth  than  tho  former 
range,  it  is  denuded  into  a  number  of  lateral  valleys,  through  whiidi 

*  In  ths  idrnitical  cue  of  the  Bscihot  wait  ot  TTtii.  Ke  diignm  wctiomii 
Sgi.  1 ,  2,  sad  3,  at  pua  306  of  the  iSrd  volums  of  thii  JoumaL 

t  Sec  notion,  fig.  11,  p.  109. 

}  Aniited  prabably  t^  ■  pieaeding  QUciw-eroMon  during  th*  Iiower  Glaeial 
period. 

I  Pig.7<MHM  tbBiMCtlMni,iiidfig.  8  theiouthKnendaf  tliisiBnga. 
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brooks  nm  to  the  Bain  and 
Steeping.  Tho  tnie,  or  con- 
tinuous, gearp  of  the  Wold  eeas- 
iug  about  Castor,  ttie  brow  of 
the  Wold  is  continued  thence 
goath-Houth-east  by  a  lofty 
ridge  of  chalk  that  is  denu- 
ded on  the  east  or  Wold  side, 
as  well  as  on  the  west,  so  aa  tn 
expose  the  Subcretaoeoos  Beriea 
on  either  aide  of  it,  that  on  the 
east  forming  inliers.  Now  the 
chalk  of  this  ridge  (or  more  pre- 
cisely, of  a  spur  of  it)  fits  on, 
as  it  were,  to  the  Glacial  clay 
of  these  ranges ;  and  the  an- 
nexed section  (fig.  10)  oBrried 
along  the  range  and  throngh  tho 
junction,  will  show  the  way  in 
which  this  occurs,  and  how  the 
Glacial  clay  is  essentially  to 
be  r^arded  aa  having  formed 
one  bctdy  with  the  older  strata 
preaentcd  to  the  action  of  the 
Postglacial  denudation,  just  as 
a  mosaic  of  inlaid  woods  would 
present  one  substance  of  various 
material  to  the  action  of  a 
grooving- plane. 

It  seems  clear  from  this  fea- 
ture that  the  form  and  direc- 
.  tion  of  the  ridge  which,  with 
tbe  Wold-edge,  constitnteB  the 
trough  of  the  Steeping  valley 
are  not  wholly  dependent  on  the 
direction  of  the  Subcretaceous 
ontcFop,  which,  in  the  part 
traveraed  by  fig.  9,  appears  fa) 
pass  directly  across  it  at  the 
Heneage  Arms  Tun  ;  and  that 
it  is  the  Postglacial  denudation 
alone  to  which  the  direction  of 
this  ridge  b  due.  Bnt  this 
lidge  is  an  actual  continnation 
of  the  physicftl  ftetore  pre- 
sented by  the  chalk-scarp ;  and 
the  trough  which  it  forms 
with  tlie  oUter  range,  and  which 
is  occupied  by  tlie  upper  part 
of  the  Bain  and  by  the  Bte^>- 
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ing,  in  a  symmetrical  continuation  of  the  lung  curvilinear  sweep  of 
the  Yorkshire  and  Xorth  Lincolnshire  Wold-scnrp ;  so  that  it  acems 
to  us  to  follow,  that  the  curvilinear  contour  of  the  west«m  Wold- 
edge  is  (in  some  degree  at  least)  due  to  the  causea  which  imparted 
direction  to  the  Postglacial  denudation  *.  Moreover  this  clearly 
defined  trough  is  part  of  one  contimious  line  of  Postglacial  ero- 
sion, which,  continuing  the  Wold-Bcarp  from  the  northward,  is 
itself  continued  by  the  valley  of  the  Wensum  and  Tare  to  the  south- 
east (in  Norfolk)— a  valley  throughout  formed  out  of  the  Glacial  beds, 
and  departing  far  away  from  the  Subcretaccous  outcrop.  The  whole 
thus  forms  a  great  arc  or  curve  of  denudation,  which,  between  the 
Steefnng  and  Wensum,  is  interrupted  by  the  Fcn-couutry  and 
Wash,  but  w)iich,  from  the  termination  of  the  scarp  at  Castor  to 
the  end  of  the  curve  where  the  Yaro  enters  the  sea,  omitting 
the  interrupted  part,  cThibits  the  clearest  evidence  of  having  been 
formed  by  the  earlier  Postglacial  denudation.  This  interrupted  por- 
tion appears  to  us  to  have  been  occupied  by  that  one  of  the  arms  of 
the  later  Postglacial  sea  which  stretched  &om  the  eastward  up  to 
Hitchin.  where  it  was  divided  from  a  similar  arm  coming  up  ^m  ' 
the  went  by  an  isthmus  indicated  by  the  close  approach  in  tliat  part 
of  the  two  principal  tracts  of  Glacial  beds  in  England.  These  arms 
are  represented  by  the  troughs  crossed  by  the  sectiona,  figs,  7&8,  at 
page  402  of  the  23rd  Tolume  of  this  Journal, 

The  Glacial  clay  (a'  of  our  sections,  figs.  C,  7,  &  8)  Ja  almost  exclu- 
sively composed  of  degraded  chalk — very  little  of  other  material,  and 
comparatively  few  bonlJera  of  distant  rocks,  being  present.  Unlike 
the  purple  clay  of  Yorkshire,  however,  where,  in  addition  to  the 
'  large  blocks,  the  small  erratics  of  Pulaiozoic  and  older  Secondary 
rock  Hwann,  the  fewer  erratics,  other  than  flint,  of  the  clay  of 
mid-Iincolnahire  are  generally  of  large  size,  rivalling  the  enormous 
blocks  which,  derived  by  coaat-wastc  from  tiie  lower  part  of  the 
purple  clay,  strew  the  Holdemess  coast.  This  extremely  chalky 
clay  appears  (from  information  obtained  by  us  from  persons  employ^ 
in  land-drainage  and  well-sinkiiig)  to  rest  in  places  on  the  lead- 
coloured  GlacM  clay  with  chalk  of  the  lower  grounds ;  but  in  others 
we  found  it  resting  directly  on  the  Oolitic  clay.  In  some  parts,  as  at 
Bolingbroke,  it  clearly  passed  downwards  into  the  less  dialky  clay 
which  preserves  so  constant  a  character  over  east«m  and  east- 
central  England,  which  in  mid-Lincolnshire  itself  is  Hie  sui&ce- 
bed  where  greater  denudation  has  taken  place,  and  which  on  the 
Holdemess  coast  underlies  the  purple  clay.  As  the  Upper  Olatrial 
day  in  parts  of  Hertfordshire  and  Essex,  and  in  one  part  of  Norfolk, 
is  nearly  as  chalky  and  white  as  this  clay  a'  (although  more  tena- 
cious), there  appears  to  ns  nothing  by  which  the  latter  can  be  dis- 
tinguished  from  the  general  mass  of  the  Upper  Glacial  clay  of  these 

*  It  ii  b;  no  mesni  nnUkflly  that  Uiii  rreat  arc  of  denudation,  M  troll  m 
thoMKrernd  to  at  p«m  400of  ths  23rd  vdume  of  thin  Jounul,  majhave  had 
tbtir  formi  delermmed  bj  the  influenoa  amted  faj  loma  prior  oondition  ot  Iha 
SoberalacMu*  outcrop  opon  the  faren  prodmsng  tlia  Postclaeial  denudatian, 
|iTiiig,iiM  to  the  direction  whioh  wae  imparted  to  it. 
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and  other  parts  of  the  east  of  England ;  and  although  in  the  imme- 
diate neighbourhood  of  its  origin,  the  Lincolnshire  Wold^  it  seeniB 
to  overlie  *,  and  towards  the  Wold  a  little  to  overlap,  the  day 
which  is  identical  with  the  wide-spread  Glacial  clay  of  eastern  and 
east-central  England,  yet  we  conceive  that  as  the  debris  of  which 
it  is  composed  was  carried  further  out,  it  became  intermingled  with, 
and  undistinguishable  from,  the  general  deposit  of  that  part  of  the 
Upper  (rlacial  sea,  its  excessive  chaikincss  diminishing  as  the  distance 
from  the  Wold  increased.  At  one  place.  South  Willingham,  this 
excessively  chalky  clay  a'  is  underlain  by  a  gravel-bed,  but  one  of 
very  limited  extent,  scarcely  a  square  mile  in  area.  This  gravel 
does  not  seem  to  us  to  have  any  connexion  with  the  Middle  Glacial 
gravel  of  the  east  of  England. 

The  formation  of  this  clay  appears  to  us  to  have  arisen  from  the 
immense  volumes  of  degraded  chalk  which  were  produced  and  pro- 
truded into  the  sea  by  Uie  action  of  a  continuous  or  capping  glacier 
enveloping  the  higher  elevations  of  the  Wolds  f.  The  nature  and 
appearance  of  such  a  glacier  is  described  to  us,  in  the  case  of  that 
at  Cape  York,  by  Dr.  Sutherland,  in  the  9th  volume  of  the  Society's 
Journal,  who  says  that  the  surface  of  the  land  around  Baffin's  Bay, 
both  high  and  low,  is  now  enveloped  by  a  mass  of  ice  which  is  oon- 
stantly  in  motion  towards  the  sea.  It  seems  to  us  that  when 
the  Glacial  sea  first  entered  the  depression  crossed  by  fig.  6,  the 
supply  of  chalk  was  less,  and  was  intermingled  with  material 
brought  from  other  parts,  by  which  the  ordinary  lead-coloured  day 
with  abundant  chalk  resulted ;  but  as  the  cold  increased,  and  the  gla^ 
ciers  gathered  thicker  and  became  continuous,  the  chalk  debris  in- 
creased until  almost  the  entire  sediment  of  this  region  consisted  of 
it  X,  As  we  find  this  chalky  day  passing  over  part  of  the  chalk  of 
the  Wold,  it  is  clear  that  some  elevations  higher  than  the  parts 
where  it  now  occurs  existed,  whence  a  supply  of  the  material  can 
have  proceeded.  These  greater  elevations,  we  may  infer,  were 
those  lofty  summits  which  now  rise  in  the  north-western  part  of 
the  Yorkshire  portion  of  the  Wold  to  elevations  of  800  feet.     8o 

*  No  doubt  is  entertained  by  the  fint-named  of  us  that  this  white  day  of 
Lincolnshire  is  the  same  as  a  precisely  similar  deposit  worked  (like  this)  for 
lime,  at  Hedon  in  Norfolk,  and  brought  first  to  his  notice  by  Mr.  Harmer, 
of  Norwich ;  it  is  seen  in  a  section  in  that  neighbourhood  to  rest  on  an  eroded 
surface  of  the  ordinary  Upper  Glacial  day  of  that  county.  This  depoeit^ 
so  resting  on  the  Upper  Glacial  day,  is  undistinffaishable,  except  hv  pontKm, 
from  the  chalky  marl  underUfing  the  Upper  Glaciiu  day,  into  which  toe  CSroOMr 
coast-  (or  Lower  Glacial)  beds  pass  in  their  western  direction  inland. 

t  The  very  loftiest  eminences  of  the  Hertfordshire  chalk,  sudi  as  those  near 
Ivinghoe,  may  have,  similarly  to  the  WoMs,  been  sources  (tf  supply  to  the 
chalky  Gladaf  clay  that  occupies  the  lower  derations  of  those  parts,  and  gma 
rise  to  the  greater  chalkiness  of  the  day  over  some  parts  of  Herts  and  borders 
of  Essex,  although  the  nodula  of  chalk  m  this  are  from  the  hard  Yorkshire  part 
of  that  formation. 

{  The  anomalous  case  of  this  extensiTe  depodt  of  chalky  day  being  4iaite 
destitute  of  any  but  derivative  organic  remains  may,  perhaps^  have  been  doe  to 
the  poisoning  of  the  water  with  this  excessive  chalky  sediment,  sinoe  we  see  that 
the  purple  cuiy  is  not  so  deititate  of  organic  remains. 
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Boon,  however,  as  the  higher  elevationB  were  submerged,  the  chalk 
d^ris  would  cease ;  and  this  is  the  feature  presented  by  the  upper 
portion  of  the  purple  day  of  Yorkshire,  whose  purple  material 
seems  to  us  to  have  been  principally  derived  from  the  degradation 
of  those  Carboniferous  and  older  Secondary  rocks  that  in  the  north 
of  Yorkshire,  and  of  those  Silurian  rocks  that  to  the  north-west  of 
that  county,  rise  to  far  greater  elevations  than  the  loftiest  parts  of 
the  chalk  area,  and  which,  under  the  degrading  power  of  an  arctic 
climate,  would  remain  a  source  of  copious  sediment  after  the  Wolds 
had  been  completely  submerged. 

The  elevation  which  the  clay  with  chalk  ddbris  attains  along 
the  western  edge  of  the  Wold,  without  any  trace  of  the  purple  day 
remaining  over  it,  contrasted 'with  its  low  position  beneath  the 
purple  day  on  the  eastern  side,  seems  to  us  to  require  the  conces- 
sion of  a  very  considerable  Postglacial  elevation  of  the  western  Wold- 
edge  at  the  expense  of  the  eastern.  The  edge  thus  elevated  into  a 
crest  is  the  feature  common  to  most  of  the  arcs  or  curvilinear  sweeps 
of  elevated  country  that  have  so  intimate  a  connexion  with  the 
direction  of  the  Postglacial  denudation,  and  of  one  of  which,  as 
before  mentioned,  the  Wolds  form  the  principal  part. 

The  next  section,  fig.  11,  carried  from  Rand  (about  the  centre  of 
the  Preeglacial  depression  of  mid-Lincolnshire)  over  the  Wolds,  and 
thence  to  the  Holdomcss  coast,  will  best  show  the  place  of  the  chalky 
day  on  cither  side  of  the  Wolds,  and  the  position  of  the  purple  clay 
rdatively  to  it,  the  section  beneath  it  representing  what  we  suppose 
to  have  been  the  relative  positions  after  the  deposition  of  the  purple 
day,  and  beforo  the  disturbances  giving  rise  to  the  Postglacial  emer- 
gence and  denudation  had  begun.  There  is,  however,  one  circum- 
stance connected  with  the  position  of  these  two  days  that  requires 
consideration,  which  is,  the  similar  absence  of  all  chalk  in  the  pur- 
ple day  beneath  the  northern  Wold-foot  at  Speeton  to  that  which 
obtains  where  it  rests  on  the  Wold- top  there  and  towards  Flam- 
borough.  As  the  Wold  in  Yorkshire  rises  in  its  nortb-^westem  part 
to  devations  approaching  800  feet,  we  should  expect  to  find  a 
similar  accumulation  of  chalky  clay  along  that  part  of  the  Wold- 
foot  where  the  presence  of  the  purple  clay  shows  it  to  have  escaped 
the  Postglacial  denudation,  to  what  we  find  both  in  mid-Lincoln- 
shire and  on  the  east  of  the  Wold  in  Hddemess ;  but  nothing  of  the 
sort  is  there. 

This  has,  it  woidd  seem,  been  assumed  to  be  the  result  of  the 
direction  of  the  drift  having  been  from  north  to  south ;  but  an  ex- 
amination of  the  case  will,  we  think,  show  the  inadequacy  of  saoh 
an  explanation  to  account  for  the  feature. 

Waiving,  for  argument's  sake,  the  improbability  of  the  drift  of 
an  ice-blocked  sea  being  so  absolutdy  constant  in  direction  as  not 
to  permit  of  any  debris  fhnn  the  Wold  being  carried  even  the 
shortest  distance  northwards,  we  see  that  there  is  a  total  absence 
of  chalk  d^ris  in  the  day  that  rests  on  the  scarp-slope  itself. 
Moreover  the  general  east  and  west  direction  of  the  northern 
Wdd-Bcarp,  for  20  miles  west  of  Speetos,  would  reoider  a  aoHtheriy 


WOOD  AMD  BOME— LINCOLNSHIRE  AND  8.E.  T0RK8HIRE. 


169 


to 


Dimlington  Cliff. 


flamber  ertuary.— 


.  Cleethorpe  Cliff, 

1^  boring  through 

^  8.Sfe«tor^e,Aiid 

C)  b  into  the  chalk. 

I 

I 


Holton-le-Olay. 


1 


IS 

.2 


Wold  Nowton. 


erf 


Thorpe-le-Mere. -jH— 


Bixhflli. .9 


170  rROCEKDINUS  OF  THE  OEOLOOICAL  SOCIETY. 

drift  in  that  part  impossible  until  the  crest  of  this  scarp  had  become 
submerged,  until  which  event  the  set  of  the  current  must  have 
been  either  east  or  else  west  along  the  shore  formed  bj  the  scarp 
itself.  If,  as  can  scarcely  be  doubted^  the  chalk,  so  profuse  in  the 
basement  clay  of  Holdemess,  and  tolerably  abundant  in  the  lower 
part  of  the  purple  clay  of  Holdemess  (a  district  lying  east  and  south- 
east of  the  Wold),  was  derived  from  the  high  part  of  the  Wold 
country  which  was  then  above  water,  and  if  free  water  existed 
over  the  equally  low  part  beneath  the  northern  scarp  at  Speeton, 
while  the  scarp  ranges  westwards  from  that  place  up  to  elevations 
of  800  feet,  how  (?an  we  suppose  this  low  part  to  have  escaped  the 
chalk  del>ri8,  if  these  relative  elevations,  or  anything  like  them,  had 
then  come  into  existence  ?  Further  the  scarp  trends  from  Speeton 
in  a  north-westerly  direction,  past  Hunmanby  to  Folkton ;  and  it  is 
precisely  in  such  a  direction  that  the  blocks  of  8hap  granite,  not 
unfrequent  in  this  clay,  have  come.  Again,  there  is  a  similar 
absence  of  chalk  debris  in  the  purple  clay  that  occupies  the  vale  of 
York  at  Gate  llelrasley,  from  near  which  place  the  Wold-scarp  runs 
north-eastwards  for  ;^0  miles  at  extreme  elevations,  as  well  as  a 
similar  absence  of  the  basement  clav  :  but  it  is  in  the  same  direction 
as  that  in  whicli  Gate  Ilelmsley  lies,  relatively  to  the  north  part  of 
the  Wolds,  that  the  c^halky  Glacial  clay  stretches  to  North  Warwick- 
shire ;  so  that  if  the  chalk  that  forms  the  principal  ingredient  of  the 
Glacial  clay  of  that  part  were  derived  from  any  point  south  of 
the  north-western  angle  of  the  Wolds,  it  would  involve  a  still 
less  southerly  direction  of  the  drift  than  that  which  woidd  strike 
Gate  Helmsley.  Further,  the  chalkless*  purple  clay  of  the  south 
side  of  Flamborough  Head,  shown  in  fig.  1  to  rest  on  the  beds  of 

chalk -debris  (T,  is  at  as  low  a  level  as  that  at  Speeton  Wold-foot,  bnt 
5  miles  south  of  it,  and  therefore  quite  within  the  set  of  any  such 
supposed  southerly  drift.  Finally,  there  is  the  case  of  the  lead- 
coloured  sediment  of  which  the  basement  clay  is  composed.  This 
clay,  from  its  exposure  at  Eilnsea,  in  the  south  of  Holdemess,  to 
Skipsea,  in  the  north  of  it,  is  quite  homogeneous,  and  similar  to 
that  which  stretches  to  the  Thames  heights  and  to  Warwickshire. 
If,  however,  the  Glacial-day  sediment  were  deposited  under  the 
conditions  of  such  an  undeviating  southerly  drift  as  supposed,  how 
are  we  to  explain  the  absence  of  this  leaden-coloured  sediment 
everywhere  to  the  north  of  Skipsea  ?  It  is  clear  that  it  could  not 
be  supplied  by  the  chalk  Wold  which  intervenes  between  that  place 
and  Speeton  ;  and  yet,  over  all  this  intervening  part,  as  well  as  at 
Speeton,  and  thence  northward,  the  Glacial  clay  is  composed  ezda- 
sively  of  the  purplish-brown  sediment  which  forms  the  day  (c)  that 
rests  upon  the  basement  day  {a)  further  south  ;  while  stiUfwHher 
southf  at  Grimsby,  we  get,  by  overlap,  the  purple  clay  (c)  again  rest- 
ing directly  on  the  chalk. 

*  There  may  not  be  aii  absolutdy  complete  ftbsenoe  of  <dudk  hen ;  bnk  H  is 
■ufRoiently  bo  to  be  in  total  oontrut  to  tbe  biement  day  of  HoldemeM,  noi 
many  niilet  to  the  nouthward,  while  it  !■  in  intimate  memblanoe  to  the  npper 
part  of  the  purple  claj  that  caps  thii  baaomont  day  along  the  coait. 
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When  all  the  circumstances  thus  analyzed  are  weighed  in  con- 
nexion with  this  southerly- current  hypothesis,  they  seem  to  us  to 
form  a  conspiracy  of  facts  so  much  in  conflict  with  it  as  to  render 
that  hypothesis,  if  not  impossible,  yet  in  the  highest  degree  im- 
probable. 

One  explanation  of  this  seeming  inconsistency  oflfering  itself  to  us 
is  suggested  partly  by  the  denuded  and  embossed  condition  of  the 
surface  of  the  chalky,  or  basement,  clay  of  Holdemess,  upon  which 
the  purple  clay  rests,  and  partly  by  the  circumstance  of  a  scarp  to 
the  chalk  having  been  formed  in  this  part  prior  to  the  deposition  of  the 
purple  clay,  so  opposite  to  what  we  sec  to  have  been  the  case  in  part  of 
Lincolnshire  previously  to  the  deposition  of  the  chalky  clay.  We  might 
infer  from  this  that,  after  the  deposition  of  the  chalky  portion  of  the 
Upper  Gliicial  clay,  under  the  conditions  of  a  partial  submergence  only 
in  the  north  of  England,  an  Intraglaciid  elevation  of  Yorkshire  took 
place — an  elevation  altogether  prior  to  that  general  one  which  in- 
troduced the  Postglacial  period — accompanied  by  the  sweeping 
off  by  denudation,  during  the  process,  of  all  the  chalky  clay  from 
that  area,  and  followed  by  the  erosion  of  the  chalk  edge  into  the 
scarped  condition  in  which  we  see  it  enveloped  in  the  purple  clay 
at  Speeton ;  the  portion  of  the  chalky  clay  remaining  under  Holdemess 
having  been  deeply  denuded  under  shallow-water  conditions,  which 
gave  rise  to  the  gravels  marked  b  in  the  coast-section  (fig.  1),  and  to 
the  intermediate  bands  of  clay  that  seem  in  parts  to  take  the  place  of 
the  beds  6.  After  this  it  would  then  seem  that  the  resubmergenco 
(which  was  so  great  as  to  cover  the  loftiest  Wold-summits  where 
denudation-sands  exist,  and  within  about  150  feet  of  which  summit 
an  outlier  of  the  purple  clay  remains)  was  either  too  rapid  to  permit 
of  the  accumulation  of  chalk  debris  from  the  Wold,  or  else  that  it 
took  place  after  an  amelioration  of  climate  had  occurred,  sufficient 
to  melt  the  glacier  producing  that  debris,  but  not  sufficient  to 
prevent  the  formation  of  floe-ice  adequate  to  the  transport  of  the 
large  blo<!ks  which  abound  in  the  purple  clay. 

Another  explanation  offering  itself  to  us  is  suggested  by  a  peculiar 
feature  presented  by  the  northern  scarp  of  the  Wold  itself ;  for,  if  the 
Ordnance  Map  be  closely  examined,  it  will  be  seen  that  the  northern 
scarp  of  the  Wold  coincides,  even  to  sinuosities,  with  the  strike  of  the 
moorland  ridge  (whoselower  con  tinuation  runs  down  through  Scarboro* 
into  the  sea  at  Filey  Brigg,  and  is  intersected  by  the  section,  fig.  13); 
and  that  the  denudation  which  has  formed  the  northern  scarp  has  taken 
its  direction  from  the  resistance  offered  by  the  unyielding  strike  of  this 
Oolitic  hard  rock  of  the  opposite  side.  It  does  not  seem  improbable, 
therefore,  when  read  by  tiie  light  of  Dr.  Sutherland's  description  of 
the  shores  of  Greenland,  that  the  sea  was,  during  the  period  of  the 
chalky  clay,  kept  out  of  the  northern  Wold-foot  and  vale  of  York  by 
a  glacier  filling  this  great  depression,  and  that  this,  confined  between 
the  ridge  of  the  Wold  and  that  of  the  moorlands,  did  by  its  forward 
motion  towards  Malton,  and  thence  round  into  IJie  great  depressioii 
of  the  vale  of  York  and  so  south  towards  Oentral  Lincolnshire, 
scarp  the  Wold,  and  impart  this  striking  identity  to  the  two  sides 
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of  tho  upper  end  of  the  trough  ctaitaining  it.  Such  a  Racier, 
melting  beneath  tho  eea  after  the  eabmoi^ienoe  had  token  plaoe 
which  gave  rise  to  the  purple  clay  and  spread  it  over  the  higher 
Wolda,  would  leave  a  void  in  the  part  where  it  had  existed  and 
kept  out  tho  sea  during  the  chalky  clay  deposit,  and  this  void 
would  then  become  filled  with  the  purple  day.  This  alternative, 
which  acquires  some  ceunteuauce  &om  tho  remarkable  rise  in  the 
floor  of  tiie  great  depression  immediately  eouth-west  of  Midton, 
seems  to  us  far  the  more  probable  of  the  two  su^eeted*. 

Tho  position  of  tho  purple  clay  on  the  sumroit  of  the  lofty  Wold 
at  Speeton,  as  well  as  the  absence  of  any  kind  of  chalky  dcbiis  in 
all  but  the  lower  portion  of  the  siime  clay  in  Holdemcss,  seems  to 
us  to  point  to  the  conclusion  that  the  Bubmorgcncc  giving  rise  to  it 
involved  Lincobisbire  and  tho  more  Bontbcm  ports  of  England  as 
well  as  the  Yorkshire  Wold.  Ae  these  parte,  however,  were  more 
remote  from  the  probablu  source  of  tho  purple-clay  sediment  (which 
Wflfl  the  Older  Secondary  and  Carboniferous  region  of  Northeni 
Yorkshire,  and  of  the  Westmoreland  and  Cumberland  Fells),  this  por- 
tion of  tho  Upper  Glacial  clay  may  have  attenuated  eouthward ; 
but,  however  this  may  be,  it  has  all  been  removed  in  that  part  hy 
the  Toarine  Postglacial  denudation,  the  increased  operation  of  whidi 
southwardly  and  westwardly,  and  its  great  prolongation  over  the 
south  and  south-west  of  England,  it  was  tho  endeavour  of  tiie  first- 
named  of  us  to  show  in  the  paper  before  referred  to  in  the  lust  Tolumo 
of  this  Journal. 

The  denudation  of  the  purple  clay  is,  iima  its  present  position 
(atretching  northward  in  a  continuous  belt  along  the  coast,  but 
wholly  removed  for  a  great  distance  westward,  i.  e.  inland),  shown 
to  have  proceeded  in  the  opposite  direction  to  that  in  which  the 
North  Sea  occurs,  the  entire  Wold-surface  of  Yorkshire  and  North 
Lincolnshire  being,  with  this  exception  (and  that  of  an  outlier,  about 
a  furlong  square,  which  still  remains  at  Huggate,  near  the  opposite  or 
western  (extremity  of  the  Wold,  at  an  elevation  of  about  600  fbet), 
destitute  of  it,  as  well  as  the  low  country  at  the  Wold-foot  from 
Mueton  westwards.  An  outlier  of  what  seems  to  be  the  same  day 
first  meets  us  westwards  from  this  coaat-belt,  at  a  distance  of  about 
25  miles,  namely,  in  tho  deep  rml way- cutting  at  Gate  Helmsley, 
6  nulee  E.N.E.  of  York]( whence  the  same  clay  occupies  much  of  t^ 
ground  northwards  by  Flaxton  and  Barton  Hill),  and  titus  attesU 

*  In  the  paper  of  Mr.  Judd  upon  tha  Bperton  daj,  rrad  bdbra  the  SociitT' 
mbseqaentlT  to  Uu>  of  oun,  Iho  section  of  FUej  Bin  mm  ihown  m  iiwludiiic 
a  PrBglacial  fbnat-bcd  beneath  tfae  Glacial  day.    Tha  preaonoe  of  inch  a 


would,  if  it  ciisled,  awiD  fatal  to  the  leoond  of  the  above  explanation*,  ainee 
the  grinding  of  such  a  glaoier  as  we  have  auppoecd  wonld  have  quits  deatiajed 
so  fecbk  a  dnraait  aa  a  foreat-bed.  The  laat-nanwd  of  ni,  howmr,  in  a  ?«• 
m  of  the  eout,  tioce  Hr.  Judd'a  paper,  and  dnring  a  bvonraUe  oiyoaiu^ 
r  aUma;  of  the  oliff-baM^  not  oai-j  ftikd  to  detect  any  ancit  bed,  hot  dis- 
)dalignite(ofKinmieridgian  age)  of-'-'-—-"--  ' '  ' " 


occupying  for  b  coiisiderabla  diatance  the  part  indicated,  and  orariaiB  dinotty 
by  the  purplu  clay,  the  reaemblaiioe,  aa  far  ai  the  eye  ia  eonomwd,  to  tM 
fbmat-bed  of  the  Norfolk  ooaat  beneaUi  the  Olaeial  olay  being  mfflc^it^ 
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tho  original  occupation  of  this  part  by  it.  Northward,  although 
we  have  not  examined  the  coast  beyond  Whitby,  and  between  that 
place  and  Huntcliff,  yet,  from  what  we  have  there  observed,  we 
think  that  tho  connexion  between  the  Glacial  beds  of  the  north  of 
England  (and  possibly  also  those  of  Scotland)  and  the  Glacial  beds 
of  Uie  south  will  be  found  to  exist  rather  with  the  purple  portion 
of  the  Upper  Glacial  clay  than  with  that  older  portion  of  it  con- 
taining tho  abundant  chdk  debris,  which  to  tho  south  of  North- 
east Lincolnshire  is  that  which  the  Postglacial  denudation  has 
alone  spared,  but  which  stretches  in  tracts  of  all  dimensions  from  the 
parts  described  in  this  paper  to  the  northern  brow  of  the  Thames 
valley,  and  from  the  Suffolk  coast  to  near  the  borders  of  Staffordshire. 
In  such  case,  since  the  chalk  debris  occurs  in  it  in  profusion  as  far 
as  70  miles  from  the  nearest  edge  of  tho  chalk-formation,  we  shall 
scarcely  be  able  to  resist  the  conclusion  that  the  north  of  England 
was  land  after  all  the  south  of  it  had  become  submerged,  since,  if  the 
whole  went  gradually  down  together,  without  any  such  intermediate 
elevation  of  the  northern  part,  and  the  destruction  there  of  the  chalky 
clay,  or  else  some  such  defence  of  the  northern  depressions  by  glaciers 
from  the  entrance  of  the  sea,  as  we  have  supposed,  why  does  not  this 
profuse  and  widely  diffused  chalk  d(^ris  occur  northwards  from  the 
Yorkshire  and  Lincolnshire  Wold  ? 

It  would  follow  also,  if  our  view  of  the  identity  of  the  purple 
day  with  that  of  the  North  of  England  be  correct,  that  sdl  the 
Glacial  beds  of  the  east  and  east-central  of  England  are  represented 
by  the  grooved  and  polished  rock-surface  upon  which,  in  Durham 
and  Northumberland,  the  Glacial  clay,  according  to  the  reports*  of 
of  the  Tyneside  geologists,  rests.    The  beds  of  chalk  debris,  marked 

cin  ^g.  1,  se<)m  to  belong  to  the  same  glaciated  land-surface  imme- 
diately preceding  the  purple- clay  submergence,  and  to  be  the  latest 
tailing  off  inland  of  that  vast  chalky  redeposit  produced  by  the  Glacial 
degradation  of  the  Wolds  which  furnished,  through  all  the  period 
of  the  Upper  Glacial  clay  of  the  east  and  oast-central  of  England, 
the  principal  ingredient  of  that  clay.     It  is  the  same  hard  stony 

chalk  as  that  of  which  those  beds  marked  c  are  composed  that  is 
so  abundant  and  exclusive  in  the  Glacial  clay  of  the  heights  on 
the  north  side  of  the  Thames  vaUey. 

As  the  true  Postglacial  Boulder-clay  of  Hessle  extends  down  to  the 
edge  of  the  marsh  surrounding  the  Wash,  and  probably  partly  under- 
lies it ;  and  as  the  estuarine  Postglacial  brick-clay  of  the  Nar  valley, 
described  by  Mr.  Hose  f,  occurs  immediately  on  the  east  side  of  the 
Wash,  an  identity  between  the  two  deposits  naturally  suggests  itself. 
It  would  require,  however,  an  intimate  knowledge  of  tie  country 
immediately  surrounding  tlie  Wash  to  bring  these  deposits  into  a 
satisfactory  correlation.  An  industrious  search  for  the  organic 
remains  of  the  Scrobicnlaiia-brickclay  of  Kirmington  and  its  neigh- 

*  See  especially  a  paper,  by  K.  Howse,  *'  On  the  Glaciation  of  the  Countiea 
of  Durham  and  M^orthumberiand,**  in  the  Transactions  of  the  North  of  £ng^ 
hind  Institute  of  Mining  Engineers  for  1864,  p.  169  ei  teq, 

t  PhiL  Mag.  toL  viL  p.  197 ;  GeoL  Mag.  toL  ii.  p.  8. 


174  PBOcBKDiMes  or  thk 

bourhood,  regarded  by  us  aa  im  estuarine  portion  of  the  Hessle  clay, 
might  much  contribute  towards  the  solution  of  that  point 

The  presence  of  C'yrena  fiumiaaUt  in  the  Heaslo  gravel,  aBsuming 
the  £cIsoa-Uil]  bed  to  belong  to  that  formation,  euggeata  an  iden- 
tity between  that  gravel  and  those  earlier  Postglacial  formations 
occurring  at  Erith,  Craj-ford,  Ilford,  West  Hackney,  and  Graya  in 
the  ThamoB  valley,  and  at  Godgrave  and  Sutton  in  Suffolk,  Clactoa 
in  Essex,  Chislet  in  Kent,  and  along  the  Cam,  which  have  yielded 
this  shell.  The  negative  evidence  afforded  by  its  absence  in  numerooB 
other  Postglacial  beda  partakes  of  the  uasatisfuctory  character  always 
attaching  to  that  description  of  evidence;  but  in  looking  at  t^e  sub- 
ject in  the  broader  light  of  the  sequence  of  Postglacial  denudation, 
that  identity  becomes  strengthened ;  for  since  these  earlier  Postglacial 
deposits  are,  by  the  Urst-naraed  of  us,  traced  in  this  way  as  belonging 
to  that  portion  of  the  period  which  was  anterior  to  the  denudation 
of  the  Weald  valley,  and  was  occupied  in  the  Thames  region  by  the 
denudation  which  dinixtnded  from  the  Glacial  clay  through  the 
Lower  Tertiaries  to  tbe  cbnlk,  so  the  Ueesle  gravel  obviously  suc- 
ceeded a  period  of  lengthened  Postglacial  denudation,  during  which  we 
see,  from  the  condition  of  the  Wold-brow,  that  the  land  had  emerged 
at  least  800  feet  from  the  Glacial  sea.  On  the  other  hand,  the 
formation  of  this  gravel  was  succeeded  by  the  time  necessary  to 
produce  a  local  depresnion  of  not  less  than  &om  150  to  200  feat 
(which  introduced  the  Hessle  clay),  by  the  formation  of  the  quies- 
cent deposit  of  that  clay  posscsung  an  original  uniform  thicknesa  of 
nearly  20  feet,  by  a  reelevation  coequal  in  extent,  by  the  formation  of 
the  deposits  of  the /series,  and,  finally,  by  tbe  changes  which  have 
elevated  the  low  land  of  much  of  the  western  Wold-foot  above  the  sea, 
and  depressed  part  of  that  on  the  east,  on  which  grew  the  Hull  and 
Grimsby  forest,  as  much  as  from  33  to  52  feet  beneath  it.  Heason- 
ing  in  this  way,  and  having  regard  to  the  probably  greater  npiditj 
with  which  marine  denndation  during  emergence  proceeds,  over 
that  of  deposit  during  submdenoe,  we  seem  to  have  evidence  here  of 
a  period  following  the  Hessle  gravel,  not  inferior  in  duration  to 
that  which  the  iirat<named  of  us  traces  as  having  followed  the  for- 
mation of  the  Thames-valley  deposits*,  and  which,  he  conaiden, 
was  in  that  area  occupied  by  the  denudation  of  the  Weald  valley, 
by  the  reversal  of  much  of  the  drainage,  and  by  tlie  introdnction  of 
the  Thames  river  over  a  forest — a  period  to  which  the  gravelB  of 
several  great  river-valleys  and  other  late  Poatgladal  dcpoaita  appear 
to  UB  to  belong. 

In  Yorkshire  and  Lincolnshire  we  posaeM  the  great«st  sequence 
of  deposits,  from  the  climax  of  the  Glaoul  period  to  the  present  time, 
which  any  part  of  England  has  yet  afforded.  So  far  as  it  is  a  gnide, 
there  appears  to  have  been  a  gradual,  bat  unbroken,  amwiora- 
tion  of  cUmate,  and  no  indiostionB  of  anything  affording  gnnind  of 
inference  that  any  recurrence  or  alternation  of  Berere  oonditiooa  of 
cold  took  place  subsequently  to  the  elevation  of  the  conntry  above 
tlie  Glacial  sea. 

*  Quart.  Joiirn.  Qaoi.  Sm.  voL  axiii.  p.  411  tt  mq- 
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IV.  The  Denudation-beds  and  Denudation-features  op  York- 
shire AND  Lincolnshire. 

The  denuded  westerly  edge  of  the  purple  clay  on  the  Wold-top  is 
occupied  by  thick  masses  of  sand  and  gravel,  which,  near  Speeton, 
pass  over  the  edge  of  the  clay.     These,  especially  towards  their  base, 
although  they  rest  extensively  on  the  chalk,  are  principally  com* 
posed  of  fragments  of  older  Secondary,  Palceozoic,  and  Metamorphic 
rocks,  derived  from  the  destruction  of  the  purple  clay,  and  containing 
very  little  of  the  material  (the  chalk)  on  which  they  rest,  notwith- 
standing that  this  chalk  rises  towards  the  north-western  angle  of  the 
Wold  to  nearly  twice  the  height,  where  the  greatest  quantity  of  these 
sands  occur.     Setting  in  near  Speeton  and  Keighton,  they  occur  in 
numerous  mounds  of  considerable  depth  and  extent  along  the  Wold- 
top  there,  and  at  Hunmanby  New  Mill.    Thence,  away  towards  the 
north-western  angle  of  the  Wold,  they  are  scattered  in  a  few  plaees 
along  its  summit.     A  mass  50  feet  thick,  resting,  we  believe,  on  the 
purple  clay,  occurs  under  Speeton  Mill,  at  an  elevation  of  457  feet. 
Another  patch,  some  few  square  furlongs  in  extent,  occurs  at  the 
north-west  angle  of  the  Wolds,  at  Thixendale  Grange,  at  an  elevation 
of  about  700  feet,  while  others  exist  at  elevations  of  about  600  feet,  at 
Fimber  and  Huggate*.     These  appear  to  be  the  earliest  deposits,  in 
this  part,  of  the  Postglacial  or  general  denudation-sea.     Another 
extensive  series  of  sands,  with  gravel,  occurs  along  the  Wold-foot 
from  near  Muston,  through  the  great  valley,  as  far  as  Malton,  which, 
at  East  Elotmanby  (near  Muston)  was  found,  in  boring,  to  be  up- 
wards of  60  feet  thick,  with  an  unknown  depth  of  shingle  beneaUi. 
These  Wold-foot  sands,  with  gravel,  are  composed  principally  of 
local    materials.    Cretaceous   and    Oolitic,   and,  not   having   been 
formed  until  after  the  emergence  and  denudation  of  the  Wolds, 
are  thus  newer  than  the  sands  on  the  Wold-top  f.     As  we  do  not 
discover  any  traces  of  the  Hessle  clay  along  the  north  foot  of  the 
Wold,  it  might  be  inferred  that  its  waters  never  penetrated  the  vale 
of  Pickering ;  nevertheless  the  considerable  elevation  which  that 
clay  attains  along  the  eastern  slope  of  the  Wolds,  and  especially  at 
Swanland,  three  miles  north-west,  and  at  Melton  Ross,  ten  miles 
south  of  Hessle,  renders  it  difficult  to  suppose  that  this  vale  could 
have  escaped  being  penetrated  by  the  Hessle-clay  waters  through 
the  gorge  at  Hutton,  near  Malton,  and  over  the  lower  part  of  ti^e 
ground  around  that  place.     In  such  a  case  it  would  seem  to  follow 
that  these  north  Wold-foot  gravels  are  of  an  age  posterior  to  the 
sweeping  out  of  the  Hessle  clay  from  that  trough,  unless  they  be, 

*  The  patch  at  Huggate  rests  on  the  only  outlier  of  the  purple  day  that  we 
haTe  been  able  to  detect  over  the  high  Wolds,  with  the  exception  of  a  smiJl  one 
at  Fimber ;  so  complete  has  been  the  denudation  there.  Tms  outlier,  however, 
at  so  great  an  elevation,  satisfactorily  proves  the  original  envelopment  of  the 
Wold  in  the  purple  clay.  We  are  under  obligations  to  Mr.  Mortimer,  of 
Fimber,  for  the  knowledge  of  the  existence  of  these  outliers. 

t  Although  this  appears  to  us  to  be  a  legitimate  inference  in  this  case,  we  are 
fiur  firom  admitting  that,  as  a  ffeneral  role,  levels  are  to  be  taken  as  evidence  of 
the  relative  ages  of  Postglaoiar  deposits,  or  that  anything  answering  to  general 
high-  and  low-level  gravel-periods  ever  existed. 
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as  is  possible,  the  cquiyalents  of  that  clay  due  to  the  different  phy- 
sical conditions  obtaining  within  this  enclosed  area.  It  is,  however, 
not  unlikely  that  gravels  of  more  than  one  Postglacial  age  are  in- 
cluded among  the  beds  along  this  foot  of  the  Wold. 

The  beds  west  of  the  Wold-scarp  (which  are  principally  gravels 
composed  entirely  of  local  materials)  are  developed  at  Cadney, 
Wrawby,  Bametby,  and  Brigg*,  in  Lincolnshire,  and  at  Brough 
Cave,  Hotham,  and  Market  Weighton,  in  Yorkshire ;  and  they  occupy 
the  valley  below  the  western  scarp  in  places  where  the  Hcssle  clay 
must  (&om  its  position  in  the  Humber  gorge,  and  at  the  consider- 
able elevations  just  referred  to)  have  once  existed.  As  there 
is  no  reason  for  supposing  these  to  form  any  part  of  the  Hessle  gravel 
(d),  left  exposed  here  by  the  removal  of  the  Hessle  clay,  there  seems 
no  alternative,  to  our  apprehension,  than  to  refer  them  to  the 
period  subsequent  to  the  sweeping  out  of  that  clay  along  the  western 
Wold-foot.  They  appear  thus  to  be  very  nearly  identical  in  age  with 
the  beds  /  of  the  coast-section  (fig.  1) ;  but  whether  they  be  of 
marine  or  fluviatile   origin  we  have  found   no  fossil  evidence  to 

showt. 

Ill  fig.  6  (ante,  p.  161),  which  gives  a  condensed  view  of  the  de- 
nudation ftjatures  of  central  Lincolnshire,  we  meet  with  a  similar  in- 
crease of  denudation  in  the  wcsteriy  direction,  and  see  the  Oolitic  ridge, 
or  "  cliff,"  as  it  rises  from  the  Langworth,  become  entirely  bare  of  tiie 
Glacial  clay.  Comparing  that  section  with  fig.  5,  we  see  the  same  ridge 
equally  denuded,  with  the  added  condition  of  all  the  Glacial  day  be- 
tween it  and  the  Wold,  which  is  present  in  fig.  6,  swept  away.  Now 
a  similar  series  of  sands  to  those  occurring  on  the  Wold- top,  save  that 
their  constituent  material  differs,  occupies  the  Lincolnshire  Oolitio 
ridge ;  and  as  the  one  starts  from  the  denuded  edge  of  the  purple  clay» 
so  does  the  other  start  from  the  denuded  western  edge  of  the  Glacial 
clay  of  mid-Lincolnshire,  touching  and,  in  places,  slightly  overlappmg 
it.  Commencing  north  of  Lincoln,  at  Welton,  these  sands  stretchy 
past  Spridlington,  Normanby,  and  Glentham,  towards  Waddingham. 
After  a  short  interval  of  omission,  they  begin  again  at  Manton, 
and  swell  out  into  ridges  and  dunes,  which  occupy  the  summit  of 
the  '<  cHff,"  and  near  the  latter  place  appear  also  to  envelope  it. 
Stretching  thence  northward  to  within  a  few  miles  of  the  Humber, 
these  beds  cover  the  ironfield  of  North  lincolnshire,  and  form  ex- 
tensive warrens  near  Manton,  Bottesford,  and  Froddingham.  leaoh-* 
ing  in  that  part  nearly  to  the  edge  of  the  outlier  of  Glacial  clay  near 
Blyton,  which  is  intersected  by  &g,  5.  A  continuation  of  theee  beda 
seems  also  to  occupy  the  Liassic  escarpment  at  several  places  along  the 
brow  of  the  Trent  valley,  and  near  the  confluence  of  that  river  with 
the  Humber  at  Whitton ;  but,  not  dealing  with  the  stractnre  of  that 
valley  in  this  paper,  we  need  not  refer  to  them  Airther.  Thepooitioii 
of  these  beds,  where  they  crown  theOolitic  ridge,  has  a  apeinal  in- 
terest that  can  be  best  nndentood  by  the  following  8eotio&. 

*  Those  at  Brigg  are  ihown  in  fig.  5,  under  die  mabol «. 

t  Some  of  them,  howerer,  ocmtain  deri?Bti?e  fomn,  tiie  gnmis  oa  tiie  . 
nde  of  North  Caye  abomidinff  nith  vemaiiM  from  the  FoeidiMOiBj^-bedt 
tfaoee  on  the  Muth  of  it  with  Srj/fJktfa  tneuntL 
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Fig.  12.—Sectio7i  of  the  "  Cliff''  at  Bedding's  Wood,  two  miles  east 

of  Ajyphby. 

Froddingham.  Cliff. 


1.  Tlie  Lias.  2.  The  Lower  Oolito.  x.  Donudation-beds,  oonsiAting  of  10  feet 
of  red  sand  overlain  by  iM)  feet  of  rounded  Oolitic  gravcL  Height  of  the 
**  cliff"  (as  a8certained  by  a  bore  carried  down  from  the  gravel  half  a  mile 
east  of  the  "cliff")  about  250  feet.  The  steepness  of  the  scarp  is  much 
exaggerated. 

Notwithstanding  that  the  position  of  the  Glacial  clay  near  Blyton, 
in  fig.  5,  seems  to  involve  the  assumption  that  the  "  cliff '*  existed 
as  a  ridge  in  the  Glacial  sea,  yet  the  foregoing  section  shows  that  the 
present  state  of  the  scarp  of  that  ridge  has  been  produced  by  the  Post- 
glacial denudation.  If  the  position  of  the  gravel  thus  capping  the 
"cliff"  in  fig.  12  he  compared  with  that  occupied  by  the  Upper 
Glacial  clay  both  east  and  west  of  the  "  cliff"  in  fig.  5,  and  east  of 
it  in  fig.  6,  and  if  it  be  remembered  that  this  clay  to  the  southward, 
at  Ponton  (in  fig.  4),  and  to  the  northward,  at  Speeton  (in  ^,  1), 
occurs  at  elevations  twice  as  great  as  that  of  the  cliff  itself  (not  to 
mention  the  obstacle  presented  by  the  cliff-ridge  to  the  transmission 
of  the  chalk  debris,  were  it  out  of  the  water),  the  inference  that  this 
ridge  was  enveloped  by  that  clay  appears  to  us  unavoidable.  Its 
subsequent  denudation,  and  the  Postglacial  age  of  the  sands  and 
gravels  which  occupy  it,  necessarily  follow,  as  the  whole  structure  of 
the  region  under  consideration  negatives  the  probability  of  any  of 
these  deposits  belonging  to  the  Middle  Glacial  series,  left  hare  by  the 
denudation  of  the  Upper  Glacial  clay.  The  latter  part  of  this  infer- 
ence, however,  is  rendered  unnecessary  where  these  sands  and  gravels, 
leaving  the  summit  of  the  ridge,  touch  and  rest  on  the  edge  of 
patches  of  the  Glacial  clay,  as  they  do  more  to  the  southward  by 
Glentham  and  Spridlington.  The  southern  edge  of  the  mid-Lin- 
colnshire Glacial-clay  tract  is  also  occupied  by  a  considerable  sheet 
of  gravelly  sand,  which  covers  the  country  between  Tattershall  and 
Horncastle  for  a  considerable  breadth,  and  has  its  northern  boun- 
dary by  Edlington  Moor,  Houghton,  and  Wood  Enderby,  mostly 
resting  on  the  Oolitic  clay,  but  at  Koughton  passing  a  little  over  the 
Glacial  clay.  It  enters  and  occupies  the  bottom  of  the  Bain  valley 
as  far  up  as  Horncastle,  but  in  so  small  a  degree  that,  in  the  ab- 
sence of  any  evidence  pointing  to  its  being  a  river-valley  gravel,  we 
may  r^ard  it  as  belonging  to  the  marine  denudation-beds  of  the  early 
Postglacial  period.  A  gravel  of  similar  age  occurs  on  the  opposite  side 
of  the  narrow  arm  of  the  fen  that  runs  up  to  Lincoln,  namely,  near 
Metheringham.  This  touches,  and  appears  to  rest  dightly  on,  the 
Glacial-clay  outlier  of  l^berland.  There  is  another  deposit  which 
skirts  this  fen-arm,  consisting  of  a  sandy  waip-day,  and  found  by 
us  to  be  about  9  feet  thick,  near  Langworth  village,  and  at  Nooton 
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(places  respectivoly  north-east  and  south-west  of  Lincoln) ;  but  it 
seems  to  us  to  be  of  recent  orig^in,  and  unconnected  with  the  beds  of 
the  denudation-series. 

Respecting  the  later  Postglacial  or  scarp-augmenting  part  of  the 
denudation  which  has  operated  on  the  Lincolnshire  area  north  of  Cas- 
tor, we  would  refer  again  to  the  sections,  figs.  7  &  8,  at  page  402  of  the 
paper  of  the  first-named  of  us,  in  the  23rd  volume  of  this  Journal. 
These  cross  the  great  troughs  within  which,  after  the  crests  of  the 
chalk  country  of  Hertfordshire  and  Cambridgeshire  had  emerged 
and  undergone  denudation  (much  in  the  same  way  as  the  Wold- 
crest  has),  the  Postglacial  sea  had  become  confined,  and  wherein 
it  eroded  the  chalk  along  which  it  swept.  A  comparison  of 
these  two  sections  with  fig.  6  of  our  paper  shows,  we  think, 
that  if,  instead  of  receding  &om  mid-Lincolnshire  after  it  had 
formed  the  valleys  of  that  part  by  its  earlier  denudation,  this 
sea  had  continued  to  erode  so  as  to  sweep  out  the  Glacial  day  and 
subjacent  beds  which  are  included  within  the  broken  Une  of  our 
section,  a  section  similar  to  that  of  ^g,  8,  in  the  23rd  volume,  would 
have  resulted.  Further,  if  this  erosion,  instead  of  acting  precisely 
thus,  and  forming  a  trough  of  which  one  side  was  chalk  and  the 
other  Glacial  clay,  as  in  the  last-mentioned  section,  had  swept  away 
the  whole  body  of  the  Glacial  clay  lying  between  the  eastern  slope 
of  the  Oolitic  ridge  (or  "  cliff")  and  tiie  Wold,  we  should  get  exactly 
the  features  displayed  by  Lincolnshire  north  of  Castor,  and  illus- 
trated by  part  of  our  section,  fig.  5.  Now,  wherever  this  has  taken 
placet  there  tJie  continuous  scarp  of  the  ctudk  Wold  extends;  hyJt 
wherever  it  has  not^  there  the  chalk  is  not  thus  scarped^  but  runs  out 
into  those  ridges  formed  of  Chalk,  Subcretaceous  beds,  and  Glacial  clay 
together,  or  of  the  latter  alone,  both  parallel  with,  and  transverse 
to  the  Wold-strike,  or  forms  one  of  the  sides  of  the  Steeping  trough 
described  in  the  previous  part  of  this  paper,  and  illustrated  by  fi^. 
6,  7,  8,  9, 10,  and  11.  If  the  Ordnance  map  be  examined  it  will  be 
seen  that  these  features  begin  a  little  south  of  Castor,  and  so  continue 
southwards  to  the  Fen -border.  It  therefore  appears  to  us  that,  just 
to  Castor,  and  no  further,  reached  the  tongue  of  the  later  Postglacial 
sea  which  first  swept  out  the  Glacial  clay,  and  subsequently,  after  the 
interval  giving  rise  to  the  Hessle-clay  deposit,  swept  out  that  day 
also  along  the  west  of  the  Wolds. 

Precisdy  similar  features  of  denudation  to  those  presented  by  the 
western  Wold-foot  are,  with  the  exception  of  the  existence  of  these 
denudation-sands,  exhibited  by  the  trough  that  runs  along  the  nortli 
Wold-foot  as  far  as  Hunmanby .  At  this  place  a  narrow  bdt  of  putple 
day  skirting  the  sea  still  fills  the  head  of  the  trough,  as  shown  at 
the  extremity  of  fig.  1,  completdy  barring  it  in  fkt>m  the  area  oc- 
cupied by  the  present  sea;  so  that  the  Hertford  (an  affluent  of  the 
Derwent,  which  flows  away  from  the  sea  westward  along  this  trough 
to  Malton,  and  thence  southward  through  the  great  depresBion  into 
the  Humber)  is  fed  by  brooks  taking  tiheir  rise  dose  to  the  sea  in 
this  belt  *.    We  have  thus  in  this  part  the  same  barrier  to  the  ftir- 

*  Sm  the  put  marked  f  in  fig*  L 
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ther  progress  of  an  arm  of  the  denuding  Postglacial  sea  when,  by 
the  emergence  of  the  land,  it  had  sunk  into  those  troughs  after  its 
earlier  denudation  (or  that  over  the  crests  and  that  forming  the 
general  valley-system)  had  been  accomplished,  which  is  presented 
by  the  tract  of  Glacial  clay  still  occupying  the  mid- Lincolnshire  de- 
pression. Nothing  shows  so  readily  to  an  observer  how  little  our 
present  seas  represent  those  of  the  Postglacial  period  than  to  view 
from  the  Wold-top  above  Speeton  the  sea  close  at  hand  on  the  east, 
and  barred  out  in  this  way  by  the  purple  clay  from  the  troughs  occu- 
pied by  the  Postglacial  sea,  and  to  realize  in  a  coup  d*ceil  the  grand 
westerly  sweep  of  denudation  which  the  latter  sea  has  effected. 

It  is  the  mapping  of  the  Glacial  beds  that  best  brings  out  these 
features  and  makes  them  intelligible ;  but  with  that  before  us,  though 
only  in  the  more  general  way  that  we  have  been  able  to  accomplish 
it,  we  see  that  the  Glacial  clay  at  Basen  (in  mid-Lincolnshire)  and 
that  below  Speeton,  sixty  miles  apart,  are  respectively  the  points 
where  terminated  two  separate  tongues  that  parted  from  the  larger 
arm  of  the  Postglacial  sea  which  occupied  the  great  vale  of  York,  and 
in  which  the  outlying  ridges  of  purple  clay  at  Gate  Helmsley,  Elaxton, 
and  Barton  Hill  before  mentioned  formed  islands  or  shoals.  The 
connexion  of  this  larger  arm  with  the  main  sea  is  more  difBicult  to 
trace ;  but  as  the  other  arms  stretching  southward,  such  as  that  which 
occupied  the  trough  through  which  the  Trent  and  upper  waters  of 
the  Witham  now  run,  seem  barred  in  from  the  sout^  by  the  great 
tracts  of  Glacial  clay  that  stretch  from  near  Corby,  in  South  Lin- 
colnshire, across  Leicestershire  into  North  Warwickshire,  it  would 
seem  to  be  northward,  in  the  direction  of  the  Tees,  that  we  should 
seek  its  outlet.  Not,  however,  having  examined  the  country  north- 
west of  York,  we  forbear  to  speculate  upon  the  precise  direction  in 
which  these  arms  of  the  Postglacial  sea  had  their  outlet  to  the  main 
waters. 

It  only  remains  now  to  point  out  the  distinction  between  the 
valleys  north  of  Flamborough  Head  and  those  of  the  country  south 
of  it.  Although  the  position  of  the  Glacial  beds  shows  that  the 
Glacial  sea  occupied  great  depressions,  such  as  that  of  Lincolnshire^ 
traversed  by  the  section,  fig.  6,  as  that  of  the  great  vale  of  York,  or 
as  that  on  the  north  of  the  high  chalk  country  of  Hertfordshire  and 
Bedfordshire*,  yet  wherever  the  Glacial  beds  by  remaining  furnish 
direct  means  of  proof,  we  see  that  the  valleys  (as  distinguished  from 
the  great  scarped  depressions)  are  wholly  newer  than  those  beds  every- 
where south  of  Flamborough,  the  only  exception  known  to  us  being 
the  long  dry  valley  through  which  the  railway  runs  &om  Hitchin 
by  Stevenage  and  Welwynf ;  so  that,  although  we  must  naturally 

*  This  depression  is  indicated  bv  the  lower  pontion  occupied  by  the  Qladal 
day  on  the  north-western  sides  of  the  sections,  figs.  7  and  8  at  page  402  of  the 
23rd  Tol.  of  this  Journal. 

t  This  intrffiglacial  valley  widens  near  Hertford,  and  becomes  the  plain  out  of 
which  two  existing  paraUd  valleys,  those  of  the  rivers  Lea  and  Minn,  are  cciea- 
rated  (see  a  paper  lately  read  before  tiie  Society  by  Mr.  Hufl^).  It  was  filled 
with  the  Middle  Glacial  beds,  out  of  which  these  two  river-vMleys  are  in  that  p«rt 
formed. 
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infer  that  the  Prso-  and  Intra^glacial  conntrywas  furrowed  by  a  valley- 
system  of  its  own,  the  present  yalley-system  of  the  south  has  but 
little  connexion  with  that  prior  state  of  things,  but  is  essentially  of 
Postglacial  origin.  To  the  north  of  Flamborough,  however,  the  con- 
trary structure  prevails ;  and  we  may  find  evidence  of  this  in  all  di- 
rections, a  series  of  conspicuous  examples  meeting  us  immediately 
north  of  that  point  along  the  coast  towards  Filey. 

The  cliffs  of  Glacial  clay,  moreover,  which  extend  north  from 
Filey  along  that  part  of  the  coast-section,  instead  of  being,  like 
those  of  the  south,  sections  of  a  solid  clay  e^eet,  which  can  with  no 
more  justice  than  the  older  Tertiaries  be  called  a  superficial  deposit, 
are  but  the  face  of  a  coat  of  the  purple  day  which  envelops  the  ancient 
Oolitic  ridge  running  from  the  moorlands  out  to  Fileybrigg  (which, 
as  before  observed,  seems  to  have  induced  the  direction  of  the  erosion 
giving  rise  to  the  northern  Wold-scarp),  a  similar  coat  covering  the 
inland  slope  of  the  ridge,  as  shown  in  the  following  approximate  sec- 
tion, hg.  13.    The  coast,  moreover,  north  of  Flamborough  intersects 

Fig.  IS.— SecUon  of  Grisihorpe  Cliff. 

Stone-pits  on  top  N  JS. 

of  G-riatnorpo  Oliff. 


Inland. 


1.  Kelloway  rook.    I      3.  Calcareous  grit 

2.  Oxford  day.        |      c.  Purple  clay. 

This  section  is  intended  to  represent  Ghristhorpe  Cliff  intersected  at  ri^t  angles 
to  its  floa-face.  The  bods  1,  2,  and  3,  free  from  any  facing  of  c,  present  a  mural 
precipioo  in  the  cliff  a  short  distance  firom  this  point 

deep  valle3rs,  and  shows  them  filled  with  the  purple  clay  and  partially 
reexcavatod  * ;  so  that  what  forms  an  extremely  rare  exception  in 
the  country  south  of  Flamborough,  becomes  the  rule  north  of  it. 

In  conclusion,  we  should  mention  that,  although  the  extreme  west 
of  Lincolnshire  falls  within  the  title  of  this  paper,  we  do  not  here 
intend  to  describe  it,  except  at  the  parts  touched  by  figs.  4  and  5. 
This  part  may  be  more  conveniently  considered  in  connexion  with 
the  structure  of  the  great  valley  of  the  Trent. 

We  desire  to  express  our  obligationB  to  E.  H.  Clarke,  Esq.,  fiie  En- 
gineer of  the  Grimsby  Docks,  and  to  W.  Allen,  Esq.,  the  late  Engineer 
of  the  Hull  West  Docks,  for  mudi  valuable  information  and  aasisi- 
ance.  Our  thanks  are  also  due  to  T.  Dale,  Esq.,  the  Engineer  of 
the  Hull  Waterworks,  to  A.  Atkinson.  Esq.,  the  Engineer  of  the 
Ancholme  Navigation,  to  George  Simpson,  Esq.,  of  North  Bnrton, 

*  Striotly  ■pealdnf[,twoof11ieMVBl]flyi,liToroMiiigtiMG^Mof£lMii^^ 
eome  out  also  immediately  on  the  lonth  side  MtwMn  the  Head  and  Bridlingtan, 
and  are  filled  with  beds  of  hard  chalk  dAria  below  tiia  pnrpla  ehj.    See  mfli 
Sea  and  Danes  Dyke  in  fig.  1. 
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to  J.  A.  Wade,  Esq.,  of  Hornsea,  and  other  gontlemeiiy  for  infbrma- 
tion  supplied^  and  for  assistance  in  our  investigations. 

V.  Appendix. 

In  the  course  of  our  examination  of  the  district  we  collected  a 
considerable  number  of  borings,  with  the  idea  that  they  would  speak 
for  themselves.  The  similarity,  however,  in  the  lithological  cha- 
racter of  most  of  the  beds,  although  of  no  moment  in  the  coast-section 
(fig.  1),  becomes,  in  boiings,  a  source  of  confusion.  It  therefore  ap- 
pears to  us  that  to  give  these  borings  in  detail  would  not  be  attended 
with  any  advantage  commensurate  with  the  space  they  would  occupy ; 
and  we  merely  propose  briefly  to  epitomize  tiieir  results,  as  far  as  we 
have  been  able  to  put  a  satisfactory  interpretation  on  the  particulars 
recorded. 

As  shown  in  figs.  5,  8,  and  11,  the  Hessle  clay  overlaps  the  pur- 
ple clay  on  the  east  of  the  Wold.  Between  Hessle  (where  that  clay 
with  its  gravel  rests  direct  on  the  chalk,  and  where  the  latter  rises 
considerably  above  the  Humber)  and  Hull,  we  have  a  boring  at 
Dairycoates  which  shows  the  Hessle  beds  only  over  the  chalk,  the 
purple  clay  (which  is  tolerably  thick  at  Hull)  having  thinned  out  at  this 
place,  which  is  one  mile  west  of  Hull  *.  At  Hull  a  series  of  29 
borings  along  the  river-front,  preliminary  to  the  dock-excavation, 
disclosed  the  existence  of  the  purple  clay  underlain  by  a  sand-  and 
gravel-bed,  answering  to  "  6"  of  the  coast-section  (fig.  1),  the  chalk- 
floor  being  at  a  depth  of  103  feet  below  highwater-mark.  Several 
other  borings  in,  and  immediately  around,  Hull  disclose  the  same 
sand  and  gravel,  but  of  very  irr^^ar  thickness ;  they  also  show 
the  purple  clay  thinning  ofl^  and  disappearing  towards  the  north  of 
the  town,  and  the  rise  of  the  chalk  there  to  within  50  feet  of  the 
surface.  Two  miles  north-east  of  Hull,  however,  at  Sutton,  the 
chalk  is  105  feet  from  the  surfeu^e.  The  dock-borings  at  Hull  work 
out  into  the  subjoined  resulting  section  (fig.  14,  p.  182). 

Two  borings  at  Sunk  Island  gave  the  chalk  at  a  depth  of  112  and 
113  feet  respectively,  passing  in  their  upper  parts,  in  the  one  case, 
through  58,  and  in  the  other  through  34  feet  of  recent  deposits,  then 
through  a  thickness  of  red  and  brown  clay  with  some  chalk,  answering 
to  the  base  of  the  purple  clay,  then  through  the  beds  (&)  of  the  coast- 
section  (fig.  1),  and,  finally,  through  a  small  thickness  of  the  base- 
ment clay  (a),  in  the  one  case  through  5,  and  in  the  other  through 

*  The  boring  iB  as  follows : — 

feet  ins. 

Warp 20  0 

Peat  2  0 

Clay  with  small  checkers  (Heaale  day)     ...     19  6 

Sand  with  small  shells  (Hessle  sand)    12  6 

Chalkat 54    0 

The  day  with  small  checkers  answers  exactly  to  the  character  of  the  Hessle  day. 
The  shdls  in  the  sand  were  not  seen  b^  us;  but  thegraydatPaollaQdatKilnsea, 
which  we  regard  as  the  Hessle  sand,  is  foesiliferoas. 
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10  feet  of  it.  Unless  there  be  any  great  rise  of  the  chalk-flixir  caat- 
wards,  towards  Eilnsca  and  Dimlington,  Uieae  borings  would  show 
that  tho  chalk  at  the  latter  plocca  was  upwards  of  100  feet  below  the 
beach.  In  that  cnae  the  thiekjacss  of  the  basement  clay  uxpoeed  at 
Dimlington  (beneath  nearly  100  feetof  the  pnrple  clay)  would,  added 
to  this  depth,  give  a  total  thickness  of  about  ISO  foot  for  the  t>iintim« 
of  the  basement  clay  in  that  part*.  A  similar  uniformity  in  the 
depth  of  the  chalk-floor  seems  to  be  maintained  along  a  line  running 
due  east  from  Hull  to  Withemsea,  as  shown  by  threu  borings  into 
tlie  chalk  near  Uedon,  and  by  the  borings  along  the  Witliemsca 
Railway,  given  by  Ur.  PrcBtwich  f,  which,  although  not  reaching  the 
chalk,  showed  82  feot  of  deposits  at  Witliomsea,  a  spot  but  Uttie 

Fig.  14. — Seetion  eotutrucUd  from  the  horingifor  the  HvU  Doek$, 
w.  «. 
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18  about  one  mile,  the  Tertical  scale  being  about  eleron  timea  (he  horiiontaL 
Tlio  numbers  along  the  top  denote  the  boriaCB  as  numbn^  in  the  Dock  Engineen' 
reootd,  being  euch  of  the  borings  aa  (with  tto  exception  of  I  and  5)  run  in  a  oon- 
tjnuoug  line,  about  80  Tarda  from  the  shore.  So».  1  and  5  being  out  of  that  line 
and  Dcnrcr  the  shore,  the  depth  of  the  water  (k)  is  in  their  caso  duaegsrdcd.  'Bta 
Tertiml  numbere  denato  the  depth  beloir  the  datum  line,  irtiidi  is  Uiat  of  high 
water.  Tho  broken  lines  indicate  the  preaumed  continuation  of  ttiabedawha*  tihe 
borings  do  not  deiaend  to  them.  The  portion  of  the  aectioD  abora  the  horiuntal 
line  between  the  30  and  40  feet  mark  ii  that  which  wa«  fUlj  e^Ktasd  dariiig  the 
sufaMquent  eicaTations;  but  tiie  auBTstioas  were  in  eome  parts  oarried  toy, 
and  into  the  purple  clay  (e). 

above  the  beach.  Sevoral  borings  at  Hornsea  gave,  after  dedncting 
the  devations  of  the  places,  the  chalk  at  a  depth  of  &om  60  to  70  fiaet 
below  the  aea-level.  This,  when  the  thiokness  of  the  basement 
clay  exposed  in  the  cliffs  nortii  and  south  of  this  place  is  added, 
would  show  that  day  reduced  at  least  one-third  in  thickness  to  that 
poaseesed  by  it  (on  the  assumption  before  made)  at  Dimlington.  A 
boring  at  the  Hew  Inn,  Hornsea,  gave  the  chalk  at  a  depth  of  161 

*  Aa  shown  in  flg.  II,  howerer,  there  is  [irobably  some  upbtanl  in  tlua 
part  which  would  inToWe  a  leai  depth  for  tfas  dulk-flocBr,  and  oannqumtty  a 
Urn  thioknees  for  the  boaemmt  elay. 

t  Quart  Journ,  QtoL  Soc.  foL  criL  p.  405. 
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feet,  passing  through  gravel  all  the  way  (the  upper  60  feet  yielding 
small  shells) ;  this  would,  if  the  boring  be  reliable,  seem  to  show 
that  the  trough  containing  the  fluviatile  fossiliferous  gravel  of  that 
place  (/in  fig.  1)  descends  to  that  depth,  cutting  through  the  Gla- 
cial clay  for  some  distance  into  the  chalk.  A  boring  at  Kise,  five 
miles  south-west  of  Hornsea,  reached  the  chalk  at  128  feet,  which, 
by  deducting  the  elevation  given  on  the  Ordnance  map  for  Kise,  would 
show  the  chalk  at  that  place  to  be  at  about  the  same  depth  as  at 
Hornsea.  From  Hornsea  towards  Bridlington  a  gradual  rise  in  the 
chalk-floor  probably  takes  place,  accompanied  by  a  thinning-off  of  the 
basement  clay  and  an  overlap  of  the  purple  clay,  since,  north  of  Atwick, 
the  basement  clay,  notwithstanding  the  rise  of  the  floor,  is  no  more 
seen.  The  boring  at  Bridlington  Harbour,  given  by  Young  and  Bird, 
showed  the  chalk  at  a  depth  of  43  feet,  the  upper  28  of  which  was 
occupied  by  clay,  and  the  rest  by  a  bed  of  gravel  resting  on  the 
chalk.  There  can,  we  think,  be  no  question  that  this  28  feet  of  clay 
is  part  of  the  purple  clay,  and  the  gravel  the  bed  6  of  the  coast- 
section  (fig.  1),  since  the  purple  clay  shows  itself  resting  on  the  chalk 
as  the  latter  gradually  rises  above  the  beach  north  of  the  harbour. 
The  so-called  Crag  having  been  found,  and  still  occasionally  being 
exposed,  at  the  beach-line,  it  is  necessarily  superior  to  this  43  feet 
of  deposits. 

Although  the  borings  at  Hull,  Grimsby,  Cleethorpe,  and  Bridlington 
disclose  a  bed  of  sand  and  gravel  between  the  purple  clay  and  the 
chalk  (answering,  as  it  seems  to  us,  to  the  bed  b  of  hg,  1),  none  of 
the  borings  through  the  basement  clay  show  anything  between  that 
deposit  and  the  chalk,  except  one  (out  of  three)  at  Hornsea,  which 
showed  5  feet  of  sand  beneath  it.  There  is  nothing,  therefore,  yet 
disclosed  in  Holdemcss  which  we  could  refer  to  any  older  deposits 
than  the  Upper  Glacial  clay ;  and  nothing  that  would  answer  to  the 
extensive  Middle  Glacial  sand  and  gravel  formation  which  underlies 
so  much  of  the  Upper  Glacial  clay  of  the  counties  of  Leicester^ 
Buckingham,  Hertford,  Essex,  Suffolk,  and  Norfolk. 

The  result  of  the  Grimsby-Dock  borings,  as  worked  out  into  re- 
sulting sections  by  the  Dock  Engineers,  being  referred  to  in  the  body 
of  the  paper  (page  157),  it  is  unnecessary  to  repeat  them  here.  They 
showed  numerous  intermittent  beds  of  gravel,  answering  to  those 
marked  c*  in  fig.  1,  intercalated  in  the  purple  day,  the  latter  some- 
times resting  directly  on  the  chalk  and  being  sometimes  underlain  by 
gravels  which  seem  to  answer  nearer  to  the  bed  (  of  fig.  1  than 
to  any  other.  No  trace  of  the  basement  clay  existed,  although  the 
chalk  was  reached  in  many  of  the  borings. 

At  Cleethorpe,  two  miles  from  Grimsby,  a  boring  showed  84  feet 
of  red  and  purple  clay  over  the  chalk  (nothing  like  the  basement 
clay  being  present) ;  and  as  the  Hessle  day,  10  or  12  feet  thick, 
caps  the  purple  clay  in  the  cliff  hard  by,  there  is  no  doubt  that  the 
upper  10  or  12  feet  of  this  bdonged  to  that  day — a  sand-bed  oc- 
curred in  it  at  far  too  great  a  depth  to  be  referable  to  the  Hessle 
sand,  and  is  therefore  a  similar  intercalated  (c*)  bed  to  those  passed 
through  at  Grimsby. 
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At  Burgh,  near  the  southem.  extremity  of  the  Wold,  we  are  in- 
formed by  Mr.  J.  W.  Judd,  F.G.S.,  that  seyeral  borings  in  the  marsh 
showed  Bouldor-clay  to  be  present,  but  extending  to  very  unequal 
depths ;  all  of  it  appears  to  be  the  lead-coloured  day  with  a  pro- 
fusion of  chalk,  and  to  answer  to  the  basement  day  of  Holdemess 
and  the  ordinary  Upper  Gladal  clay,  which  begins  a  few  miles  west 
of  this  place  and  has  a  considerable  extension  over  Central  and  South 
Lincolnshire. 

It  may  be  useful  to  those  studying  the  Cretaceous  formations  to 
add  that  a  boring  carried  through  the  chalk  at  Hull  into  the  blue 
Oolitic  clay  gave  536  feet  for  the  thickness  of  this  formation  there ; 
while  at  Hornsea,  a  boring,  after  passing  through  797  feet  of  it, 
failed  to  pierce  the  chalk,  some  bands,  described  in  the  boring  as 
''  fuller's  earth,"  alternating  with  chalk  in  the  lower  part  of  the 
boring.  A  band  of  red  chalk  occurred  in  the  white  chalk  a  few  feet 
from  the  surface  of  that  formation  in  one  of  the  Gnmsby-Dock 
borings. 
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up  to  October  1807. 

Institute  of  Actuaries.     Journal.    Vol.  xiv.  Parti.     October  1867. 

Intellectual  Obser^•er.     Nos.  66-71.     July  to  December  1867. 

Ij.  Jewitt. — Grave-mounds  of  Derbyshire  and  their  Contents,  180, 

254,  342. 
\V.  B.  Dawkins. — lilan  and  the  Pleistocene  Mammals  of  Great  Britain, 

201. 

I/?ed8  Philosophical  and  Literary  Society.    Annual  Report  for  1866- 
67. 

Linnean  Society.    Journal.  Zoology.   Vol.  ix.    No.  38.    December 
1867. 

Liverpool  Geological  Society.    Abstract  of  Proceedings.    Session  8ih. 
1866-67. 

C.  Ricketts. — Outlier  of  Carboniferous  limestone  near  Cotwen,  North 
Wales,  8. 

G.  H.  Morton. — Presence  of  Glacial  ice  in  the  valley  of  the  Msrsey 
during  the  Postpliocene  period,  4, 
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Liverpool  Geological  Society.  Abstract  of  Proceedings.  Session  8th. 
1866-67  (continued), 

C.  Eicketts. — Oscillations  of  level  on  the  Coast  of  Hampshire  during 

the  Eocene  period,  10. 
II.  F.  HalL — Drift-sections  of  the  Holderness  Coast,  12. 
.    Lacustrine  deposits  of  Holderness,  88. 

C.  Kicketts. — Spines  of  Ampyx  nudm,  49. 

T.  J.  Moore. — Mammalian  remains  from  Cefn  Cave,  50. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine.  Fourth 
Series.  Vol.  xxxiv.  Nos.  230-232.  October  to  December  1867. 
From  Dr.  W.  Francis,  FG,S, 

II.  Ethoridpre. — Physical  Structure  of  North  Devon,  317. 

W.  E.  Logan. — New  Specimens  of  Eozoon^  318. 

J.  W.  Dawson. — Fossils  recently  obtained  from  the  Laiureutian  Rocka 

of  Canada,  318. 
W.  Whitaker. — Subaerial  Denudation,  319. 
T.  A.  B.  Spratt. — Bone-caves  in  the  Island  of  Malta,  320. 
R.  Tate. — Lower  Lias  of  North-eastern  Ireland,  321. 
.     Fossiliferous  development  of  the  zone  of  Ammofiites  angulatus 

in  Great  Britain,  321. 

F.  M.  Burton. — Rhaetic  Beds  near  Gainsborough,  321. 
II.  B.  Medlicott. — Alps  and  Himalayas,  396. 

D.  Mackintosli. — Cur\'ature  of  Slaty  Lamincs  in  West  Somerset,  397. 
P.  M.  Duncan  and  J.  Thompson. — CyclocyathuSy  398. 

J.  W.  Dawson. — New  Pulmonate  MoUusk,  398. 
J.  W.  Sidter.— i^m/.w/«  (?)-track8,  398. 

and  H.  Hicks. — N'ew  Linguklla  from  the  Lower  Cambrian  Rocks 

of  St.  David's,  390. 

G.  Busk. — Dentition  of  Fossil  Bears,  399. 

J.  Haast. — Geoloffv  of  the  Pro\'ince  of  Canterbury,  New  Zealand,  899. 

T.  II.  Timins. — Cftemical  Geolojry  of  the  Malvern  Hills,  400. 

T.  M.  Hall. — Relative  Distribution  of  Fossils  throughout  the  North 

Devon  Series,  400. 
W.  R.  Swan. — Geology  of  Princess  Islands  in  the  Sea  of  Maimoray 

401. 
C.  Collingwood. — Sulphur-springs  of  Northern  Formosa,  401. 
G.  B.  Tacey. — Geolocy  of  Benghazi,  Barbary,  401. 
G.  Maw. — Sources  of  the  Materials  forming  the  White  Clays  of  the 

Lower  Tertiaries,  402. 
S.  V.  Wood,  jun.— Postglacial  Structure  of  the  South-east  of  England^ 

402.- 
A.  Tvlor. — Amiens  Gravel,  479. 

S.V.Wood,  jim.,  and  Rev.  J.  Rome. — Glacial  and  Postglacial  Struc- 
ture of  Lincolnshire  and  South-eastern  Yorkshire,  480. 
N.  Whitley. — Supposed  Glacial  markings  in  the  Valley  of  the  Exe, 

481. 
A.  B.  Wvnne. — Disturbance  of  the  level  of  the  land  near  Youghal, 

481.    " 

London  Review.  Vol.  xv.  No«.  379-391.  October  to  December 
1867. 

Volcanic  eruption  at  Terceira,  Azores,  468. 
Exploration  of  Belnan  bone-caverns,  468. 
Flint  implements  m)m  Treiche,  495. 
'  Hot-spnngs  of  Hants- Apennins,'  noticed|  523* 

:t2 
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London  Review.    Vol.  xv.     Nos.  379-391.    October  to  December 
1867  (continued). 

Discovery  of  a  king-crab  in  Upper  Silurian  rocks^  677. 
Anatomy  of  Mesotheriumy  577, 

Barrande's  ^  Silurian  System  of  Bohemia,'  noticed,  022. 
Moore's  '  Lias  of  South-west  of  England/  noticed,  622. 
Vesuvius,  658. 

Lund.     Acta  Universitatis.     1865.     Vol.  ii.    (In  3  sections.) 
0.  TorelL — Oni  de  Geologiska  forskningaiiie  i  Norge. 

Manchester,     loth  Annual  Eeport  of  the  Council  on  the  working  of 
the  Free  Libraries.     1866-67. 

Medical  Press  and  Circular.    Vol.  iv.    Nos.  14-26.     October  to  De- 
cember 1867. 

Natural-History  Transactions  of  Northumberland  and  Durham.  Vol.  i. 
Part  3. 

New-Zealand  Society.    History  and  Proceedings.     1867. 

Paris.    Annales  des  Mines.    Sixth  Series.    Vol.  xi.    1"^  livr,    1867. 

M.  Chaudron. — Fon^age  des  puits  a  niveau  plein,  33. 
Ch.  Freycinet — Emploi  des  eaux  d'^gout  de  Londres,  69. 

Bulletin  de  la  Societe  Geologique  de  France.     Second  Series. 


Vol.  xxiv.  feuilles  17-46.     1867. 

J.  Marcou. — Le  Dyas  au  Nebraska,  280  (plate). 

A.  Bou^. — La  source  de  Schussen  et  ses  plus  anciens  habitants,  306. 

A.  Leymerie. — 1°  Sur  Textensiou  du  type  garunmien ;   2**  Sur  la 

veritable  place  du  plan  de  separation  eutre  les  stages  inf^rieur  et 

moven  du  terrain  tertiaire,  308. 
^m.  (joubert. — De  la  classification  du  calcaire  de  Beauce  et  des  sables 

de  Fontainebleau,  aux  environs  de  Maisse  (Seiue-et-Oise),  316. 
fid.  Hubert. — Le  terrain  crdtac($  des  PynSn^es,  323  (plate). 
H.  Coquand. — Sur  q uelqucs  points  de  la  g^ologie  de  TAlg^Jrie,  380. 
Hubert. — Calcaires  a  Terehrattda  diphya  de  la  Porte-de-I  ranee,  389. 
De  Mortillet. — Gisements  des  Ter^bratules  trou(5es,  395. 
Nouel. — Nouvcau  lihinoc^ros  fossile,  390. 
Alb.  Gaudry. — Sur  le  reptile  ddcouvert  par  M.  Ch.  Frossard  a  Muse, 

pres  d'Autun,  397. 
fibray. — La  continuation  do  la  faille  occidentale  dauphinoise. — Clas- 
sification des  eaux  mindrales  de  la  Savoie,  401. 
De  Mortillet. — L^epoque  glaciaire,  416. 
Daubr^e. — Sur  la  carte  d'ensemble  de  la  Prusse-Kh^nane  et  de  la 

Westphalie  occidentale  de  M:  de  Dechen,  420. 
.     Experiences  sur  les  decompositions  chimiques  provoqu^es  pep 

les  actions  mecaniques  dans  divers  min^raux,  tels  que  le  teldspath, 

421. 
Delesse. — Kecherches  sur  lo  depot  littoral  de  la  France,  428. 
Cotteau. — Les  iSchinides  cretac^s  ddcrits  dans  le  septi^me  volume  de 

la  Paleoniologi'e  fran^aise^  434. 
Gamier. — G^ologie  de  la  Nouvelle-Caiedonie,  439. 
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Paris.     Bulletin  dc  la  8ocicte  Geologiquc  dc  France.     Second  Series. 
Vol.  xxiv.  feuillcs  17-46.     1867  {continued), 

Jannettaz. — Note  pour  fcn  ir  a  Tetude  des  roches  de  la  Nouvelle- 

Cal^donie,  451. 
Fischer. — Li»s  roches  fossilifbres  de  I'Archipel  Cal^donien,  457. 
Ilaast. — G(5ologie  de  la  Nouvelle-Zelande,  468. 
Boii^. — Di^couverte  de  cavemes  a  Viislau,  pres  de  Vienne  (Autriche), 

461. 
Coquand. — L*exii*tence  des  ^tafi^es  corallien,  kimm^ridcien,  et  port- 
Ian  dien  dans  la  province  do  Castillon  dc  la  Plana  (Lspagne)^  etc., 
,462. 

Kbray. — Xullitd  dii  syst^iue  de  soul^vement  dySancerrois,  471. 
Simonin. — Essai  d'une  nomenclature  rationnelle  des  terrains  de  s^i- 

ment,  476. 
Bianconi. — Les  Anennins  de  la  Porretta,  482. 
Toumouer. — Les  dt^pots  d'eau  douce  du  bassin  de  la  Garonne,  corre- 

spoudant  nu  calcaire  do  Beauce  ct  aux  sables  de  I'Orlt^anais,  484. 
Gai-rigou. — Etude  stratigraphique  de  la  caverno  du  Mas-d'Azil,  etc., 

492  (plate). 
De  Vemeuil. — Le  diluvium  des  environs  de  ]Sradrid,  499. 
De  Saporta. — La  tempth-ature  des  temps  gdologiques,  d'apres  des  in- 
dices tirt^s  de  I'observation  des  plnntos  fossiles,  601. 
Coquand. — Les  gites  de  p(?trole  de  la  Valachie  et  de  la  Moldavie  et 

sur  I'Age  des  terrains  qui  les  contieunent,  605. 
Sterry-Hunt. — J-.e8  petroles  de  TAmcrique  du  Nord,  570. 
Garrigou. — La  photographie  d'un  dessin  du  grand  Ours  des  cavemes, 

673. 
F.  Garrigou. — Traces  de  diverges  Opaques  glaciaires  dans  la  valine  de 

Tarascon  (Arit^ge),  577. 
M.  E.  de  Bossi. — itudes  g^ologico-arch^ologiques  sur  le  sol  romain, 

678. 
Ch.  LoiT. — La  carte  g^ologique  du  d^partement  do  la  Savoie,  596. 
L.  Dieulafait. — Troisi^me  note  sur  la  zone  a  Avicula  contorta  dans  le 

sud-est  de  la  France,  601  (plate). 
Th.  Ebrav. — Considt^rations  a  introduire  dans  T^tude  du  diluvium,  618. 
J.  W.  Whitney. — Lettre  a  M.  Desor  sur  le  Northern  Drift  d'Am^- 

rique,  624. 
Louis  Lartet. — Une  explomtion  gdologique  en  Cochinchine,  par  M. 

le  docteur  Joubert,  625. 
J.  Marcou. — Un  vovage  g^ologique  dans  la  Chine  m^ridionale,  par 

»L  A.  S.  Bickmofe,  ms. 
A.  Peron. — La  constitution  geologique  des  moutagnes  de  la  grande 

KabyHe,  627. 
J.  Martin. — L^^poque  a  laquelle  les  bassins  de  Paris  et  de  la  M^i- 

terran^e  ont  cessd  de  communiquer  par  le  d^troit  s^uanien,  663 

(plate). 
T.  Sterry-IIunt. — Terrains  anciens  de  TAmdrique  du  Nord,  664. 
£d.  Dupont. — Carte  gdologique  des  environs  de  Dinant  (Belgique), 

669  (2  plates), 
fid.  Jannettaz. — Quelques  miudraux  de  Tlnde,  682. 
■  Les  roches  cristallisdes  de  la  Guyane  fran9ai8e  et  sur  le  gise- 

ment  primitif  de  Tor  de  cette  contrde,  684. 
J.  Sterry-Himt. — La  thdorie  de  Vorigine  des  mdntagnes,  687. 
Fischer. — Les  hydrozoaires  fossiles  du  genre  Ifydractinia,  680. 
,    JjQB  ddprddations  des  moUusques  zoophages  k  T^poque  ^^ne, 

C.  Ribeiro. — ^Le  terrain  quatemaire  du  Portugal,  692» 
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Paris.    Bulletin  de  la  Society  G^logique  de  France.     Second  Series. 
Vol.  xxiv.  feuilles  17-46.     1867  (continued). 

Th.  ^braj. — Nullity  du  syst^me  do  souldvemeiit  du  Morvan,  717. 
M^^an.-Un  chainon  qui  r^unit  les  Corbi.res  i  la  monUgne  Noi«, 

v.  Eaulin. — La  constitution  gf^ologique  de  Tile  de  Cr^te,  724. 

H.  Coquand. — R^plioue  k  une  note  de  M.  Dieulafeiit  sur  les  calcaires 

blancs  de  la  basse  Provence,  730. 
Marquis  de  Kojs. — Lea  terrains  des  environs  de  Montfort  rAmaurT; 

733. 


Beunion  extraordinaire  k  Bayonne. 


Bureau. — ^Note  sur  les  planted  fossiles  du  d^p6t  houiller  de  la  Rhune, 

846. 
Meugy. — L'age  des  gltes  salif^res  du  bossin  de  TAdour,  850. 
Toumouer. — Les  terrains  tertiaires  des  environs  d*Orthez,  852. 

Photographic  Journal.    Vol.  xii.     Nos.  186-188.     October  to  De- 
cember 1867. 

Quarterly  Journal  of  Microscopical  Science.     New  Series.     No.  28. 
1867. 

Reports  received  from  H.M.  Secretaries  of  Embassy  and  Legation 
respecting  Coal.     1867. 

Royal  Dublin  Society.    Journal.     No.  36.     1867. 

0.  Heer. — ^Miocene  Flora  of  North  Greenland,  60. 

F.  J.  Foot— Tour  in  Norway  in  1866,  96. 

Royal  Geographical  Society.     Proceedings.    Vol.  xi.     No.  6.     1867. 
Volcanic  eruption  in  Azores,  261. 

Royal  Institution.     Additions  to  Library  from  July  1866  to  July 
1867. 

Royal  Society.     Proceedings.     Vol.  xvi.     No.  95.     1867. 

St.  Petersburg.     Bulletin  de  TAcad^mie  Imperiale  des  Sciences  de 
St.  Petersbourg.     Vol.  xi.  feuilles  20-37. 

M.  Fritzsche. — Les  hydrocarbures  solides  du  goudron  de  la  houille, 

385. 
M.  Abich. — Hydrocarbures  dans  les  gaz  des  eaux  thermales  an  Cau- 

case,  397. 
N.  Eokcharof. — Orthoklas  de  Kussie,  451. 

G.  Helmersen. — La  diminution  prdsum^e  de  profondeur  de  la  mer 
d'Azof;  655. 

.    .     Vol.  xii.  feuilles  1-6. 

C.  Schmidt. — ^Eaux  femigineuses  de  Stolypin,  1. 

Memoires  de  TAcademie  Imperiale  des  Sciences  de  St.  Peters- 


bourg.    Vol.  X.     No.  16. 

.    Vol.  xi.     No.  1. 

Kokscharow. — ^Russian  Orthodase,  No.  1. 

Ph.  Owsjannikow  and  A.  Kowalevsky. — Minute  Anatomy  of  Cepha- 
lopods,  No.  8. 
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Smithsonian  Miscellaneons  Collections.     Vol.  vii.     1867. 

T.  A.  CoDrad. — Check-list  of  Invertebrate  Fossils  of  North  America — 

Eocene,  Oligocene,  Miocene,  Cretaceous,  and  Jurassic. 
T.  Egleston. — Catalogue  of  Minerals,  with  their  formulas. 

Society  of  Arts.    Journal.    113th  Session,    Vol.  xv.    Nos.  776-778. 
October  to  December  1867. 

Natal  coal  and  iron,  702. 
Precious  stones  at  Cape  of  Good  Hope,  702. 
Mineral  resources  of  Newfoundland,  /Oo. 
New-Zealand  Coal,  728. 

Vienna.     Anzeigcr  der  kaiserlichen  Akadcmic  dor  Wissenschaftcn. 
Jahrg.  1867.     Nos.  16  &  17. 

.    Dcnkschriften  der  kaiserlichen  Akademie  dor  Wissenschaftcn. 

Math.-natur.  Classe.     Vol.  xxvi.     1867. 

Ettingshausen. — Die  fossile  Flora  des  Tertiarbeckens  von  Bilin,  79. 
Schultze. — Monographic  der  Echinodermen  des  Eifler  Kalkes,  2** 
Abth.,  113. 

Sitznngsberichte  der  kaiserlichen  Akademie  der  Wissenschaf- 


tcn.    Math.-natur.  Classe.    Vol.  liv.  Hefte  4  &  5.     Erste  Abthei- 
lung.     November  and  December  1866. 

Ettingshausen. — Die  fossile  Flora  des  Tertiarbeckens  von  Bilin,  487. 
Kner. — Betrachtungen  iiber  die  Ganoiden,  als  naturliche  Ordnung, 
519. 

— .    .    Vol.lv.  Heftl.    Erste  Abtheilung.    January 


1867. 

Reuss. — Die  fossile  Fauna  der  Steinsalzablagerung  von  Wieliczka  in 
Galizien,  17. 

.     Vol.  Iv.  Heft  1.     Zweite  Abtheilung.     Ja- 


nuary 1867. 

Schwarz. — Chemische  Analyse  des  Miueralwassers  in  Miidling  bei 
Wien,  35. 

— .     .     .     Vol.  Iv.  Heft.  2.     Erste  Abtheilung.     Feb- 


ruary 1867. 

Reuss. — Ueber  einige  Bryozoen  aus  dem  deutschen  Unteroligociin, 

216. 
Ettingshausen. — Die  Kreideflora  von  Niederschona  in  Sachscn,  ein 

Beitrag  zur  Kenntniss  der  altesten  Dicotyledonengewachse,  2:^5. 
Reuss.— Ueber  einige  Crustaceenreste  aus  der  alpinen  Trias  Oester- 

reichs,  277. 
Tschennak. — Quarzfiihrende  Plagio-Klasgesteine,  287. 
Bou^. — Ueber  eine  neu  entdeckte  Ilohle  im  tertiaren  Conglomerate  in 

Gainfahm,  325. 

— .     Jahrbuch  der  k.-k.  geologiscben  Rcichsanstalt.    1867.    Vol. 


xvii.     No.  3.     July,  August,  and  September. 

M.  Lipoid. — Der  Bergbau  von  Schemnitz  in  Ungam,  317  (plate). 
K.  Reissacher. — Der  Johannisbrunnen  bei  Gleicnenbeig,  461  (plate). 

Verbandlungen  der  k.-k.  geologiscben  Roichsanstalt.  No.  10. 


1867. 
r.  ZirkeL — Nosean  in  den  Phonolithen,  30*5. 
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Vienna.  Yerhandlungonderk.-k.gcologisohenRcichsanstalt.  No,  10, 
1867  (continued). 

J.  Krejci. — Oliederunff  der  bolimisclien  Kreidefonnation,  207. 

V.  Lipoid. — Der  Bergoau  von  Scheninitz  in  Uncram,  208. 

K.  V.  Ilauer. — l)io   Spiingtherme  nuf  der  ^largarethen-Insel  bei 

Pest,  20a 
K.  Hoffmann. — Palagonit  in  dem  basaltischen  Tuff  des  Szigliget 

Berges  und  von  Leanyvar  bei  Battina  im  Baranyer  Comitat,  200. 
J.  Szabo. — Cbromeisen  und  Magnesit  von  der  Truskagora,  211. 
U.  Schlonbach. — Qliederung  der  rhatischcn  Schicbten  bei  Koeseiii 

211. 
E.  V.  Mojsisovics. — Umgebungen  von  Rogoznik  und  Csorsztyn,  212. 
K.  M.  Paul. — Umgegend  von  Polhora,  Turd5i*jn,  und  Jablonka  in 

der  Arva,  214. 

E.  V.  Mojsisovics. — Karpathensandstein  und  Klippenkalk  der  Umge- 
gend von  Polhora  una  Trstjonna,  215. 

F.  Foettcrle. — Umgebungen  von  Tbeissbolz,  216, 


No.  13.     1867. 


Konngott. — Ueber  die  Eruptivgesteine  der  Santorininseln,  278. 
Schloenbach. — Ausserordentlicne  Versammlung    der    franzosischen 

geologischen  Gesellschaft  zu  Paris,  278. 
llnuer. — Ooolojriscbe  Karten  auf  der  Pariser  Ausstellungi  281. 
Weinek. — Markasit  nach  Eisenglanz  vom  Loben,  285. 
Fcllner. — Chemische  Untersucbung  dor  Gestein  von  Ditro,  285. 
Hauer. — Das  Eisonschmelzwerk  zu  Kladno  in  Bohmen,  287. 
Adrian. — Umgegend  von  Wemar  und  Teplicka,  290. 
Stache. — Hcbluss  der  Aufnabme  im  Gebiete  der  hoben  Tatra^  201. 
Wolf. — Umgebung  von  Debreczin  und  N^-iregbaza,  202. 


No.  14.     1867. 


Peters. — Ueber  die  miocanen  Wirbelthierreste  von  Eibiswald,  314. 

.    Ueber  Staurolith  in  Steiermark,  315. 

Daufalik,  A. — Bench t  iiber  Santorin,  319. 

Suess. — Die  Transformation  bei  Baibl,  320. 

Ilingenau. — Der  Comstockgang  in  Nevada-Districte,  320. 

-.     .     No.  15.     1867. 


Zepharovicb. — Ankeritkrystalle  vom  Erzberg,  330. 
Miirle. — Brunnenbohrung  in  Hainburg,  332. 
Stoliczka. — Die  Klipstein'sche  Samnilunof,  3^33. 
Schloenbach. — Gosauformntion  bei  Griinbiich,  334. 
Paul. — Geologische  Karte  der  ntirdlichcn  Arva,  336. 
Fellner. — Chemische  Untersuchung  der  Teschenite,  387. 
Vivenot. — Fossile  Pflanzen  von  Lilienfeld,  338. 


No.  16.     1867. 


Hantken. — Braunkohlenablagerungen  im  nordostlichen  Tbeil  des  Ba- 

konyerwaldes  und  im  Oedenburger  Comitate,  349. 
Seeland. — Neuer  Bleiplanzfund  bei  Baierdorf  in  Steieimark,  351. 
Homes. — MoUusken  des  Tertiar-Beckens  von  Wicn,  352. 
Hauer. — Untersuchungen  iiber  die  Feldspatho  in  den  ungariach-sie- 

benbiir^schen  Eruptivffesteinen,  352. 
Paul. — Die  Klippen-  tmd  ICarpathensandstein-Bildungen  des  rechten 

Arvaufers,  3o/. 
Moisisovics. — Karte  des  westlichen  Tbeilcs  der  Tatra  mit  dem  Chocs- 

Oebirge,  354. 
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744. 
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im  Banat;  744. 
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Slahe,  L'action  des  anciens  glaciers  dans  la  Sierra  Nevada  de  Cali- 
fomie.     1867. 

Bristow,  H,  W,  On  the  Lower  Lias  or  Lias  Conglomerate  of  a  part 
of  Glamorganshire,  1867. 

CoccJn,  I,     L'Uomo  fossilo  nell'  Italia  centrale.     1867. 

Dana,  J,  D.  Catalogue  of  Official  Reports  upon  Geological  Sunreys 
in  the  United  States  and  British  Provinces,  1867. 

Dauheny,  Dr.  C,     Miscellanies,  1867. 

.     On  the  Temperature  of  the  Ancient  World,  1867. 

DauhreCf  A,  Classification  adoptee  pour  la  collection  des  roches  da 
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Museum,  1867. 

DeJafosse,  O,     llapport  sur  les  progr^s  de  la  Mineralogio.     1867. 

Dove,  H,  W,     Ueber  Eiszeit,  Fohn,  und  Scirocco.     1867. 

Duncan,  P,  M.,  and  J,  Thompson,  On  CifclojihyUum,  a  new  genus 
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Francis  Fedden,  Esq.,  Geological  Survey  of  India;  Major  Sir 
George  Wingate,  K.C.S.I.,  J.P.,  lato  of  tie  Bombay  Engineeiv, 
Crofton,  Hants ;  and  John  Baldry  Kedman,  M.I.C.E.,  6  Westminster 
Chambers,  Victoria  Street,  S.W.,  were  elected  Fellows. 

The  following  communications  were  read : — 

1.  Notes  on  the  Lo web-Lias  Beds  o/Bbistol. 
By  W.  W.  Stoddart,  Esq.,  F.G.8. 

The  occurrence  of  beds  in  the  Bristol  district  corresponding  to  the 
Sutton  beds  of  Glamorganshire  has  been  thought  woiih  noting. 

In  this  locality  the  sequence  of  the  different  groups  of  strata  is 
so  perfect  that  the  position  of  any  one  of  them  becomes  almost  a 
matter  of  certainty. 

In  many  places  the  beds  are  apparently  so  bare  of  organic  remains, 
that  the  collector  is  at  once  discouraged.  The  very  horizontality  of 
the  beds  themselves  is  frequently  an  obstacle,  from  the  great  distance 
to  be  walked  over  before  a  change  of  zone  takes  place. 

The  lino  of  section  in  the  following  sketch  (fig.  1)  runs  firom  a 
quarry  (No.  1)  north  of  the  Orphan  House  on  Ashley  Down,  across 
Montpelier,  to  Gotham  HiU. 

As  shown  in  the  figure,  three  quarries,  now  fortunately  opened, 
explain  the  whole  series  <^  beds  contained  in  the  section, 

It  will  be  seen  that  the  series  extends  from  the  base  of  the  xone 
of  AmmowUes  Tumeri  down  to  the  Bhffitio  beds. 

All  of  them  dip  8°,  to  the  north-east.  This  small  angle  makes  the 
beds  appear  nearly  horixontal,  and  at  first  sight  makes  their  order 
very  puzzling. 

VOL.  XXrV. — PART  I.  '  Q 


200  FKOCEEDmas  of  thk  oeolooical  hocistt.  [Jan.  9, 

It  is  rather  singular  that  the  strata  here  should  dip  north-caat 
while  those  ou  the  opposite  side  of  the  SeviTti  dip  to  the  soulh- 
eaat.      It  showa  an  anticlinal  to  exist  somewhere  to  the  south  ct 

Fig.  1. — Section  from  Ashley  Doiim  to  CotJiam. 

Mancpeliiir  Pirloa      ■^■TT 


that  river.  The  rising  of  the  land  must  of  course  be  very  gradual,  but 
quite  sufficient  tfl  form  a  phaUow  trough  from  the  ncighlKiurhood  of 
UloRCester  towards  the  British  Channel — an  idea  ronfirmed  also  by 
the  ohsorvationB  in  the  Olouccstershire  collieries  below  the  surface, 
nnd  by  the  denudation  that  has  evidently  taken  place  above  it. 
The  latter  espcciidly  shows  a  very  strong  current  to  have  existed 
ever  since  the  Tiiaesie  period,  running  from  north-cast  to  south- 
west. The  edjres  of  the  strata,  where  they  crop  out  of  the  hill'sides, 
show  very  plmnly  that  many  miles  of  deposits  that  formerly  oxieted 
between  the  Silurian  and  Oolitic  shorea  must  have  been  washed 
away. 

Starting,  then,  from  Ashley  Down,  wo  commence  with  what  is 
now  exposed  of  the  Ammonim-Tunuri  and  A.-Burklondi  zones. 


1 

Mo.  I.  ^ 


[f  No.  1  Quarrt/,  Axhlfi/  Down. 


In  Buniimii.  A.  CbujFtmW. 


rBrdjorUinHtaiirWffrni4M  limm,  Ftinint 
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1 .  Ammoni  tes-semicostatus  Bed, — ^There  is  here  only  1  foot  of  dark 
shale  between  two  thin  beds  of  limestone,  containing  many  crashed 
specimens  of  A,  semicostatus  (Y.  and  B.),  mixed  with  a  few  joints 
of  Pentacrird, 

A  little  further  on,  these  beds  yield  A,  Sauzeanus^  Acrodus  no^ 
bills,  &c.  in  abundance. 

2.  Saurian  Bed. — ^This  bed  contains  a  great  number  of  the  ver- 
tebrae and  bones  of  Ichthyosaurus  and  Plesiosaurus,  with  occasionally 
a  Nautilus. 

3.  Conyheari-hed. — A  bed  of  hard  limestone,  lying  immediately 
below  No.  2.  On  its  upper  surface  specimens  of  A,  Buckiandi 
and  A.  Conybeari  lie  in  great  numbers. 

I  consider  this  to  be  the  beginning  of  the  A.-Budclandi  zone. 
Underneath  this  bed,  Nautili  occur  in  good  condition. 

4.  Lima-beds. — ^These  are  a  series  of  very  blue  argillaceous  lime- 
stone beds,  divided  by  dark  shales.  Their  average  composition  is 
90  per  cent,  carbonate  of  lime,  6  of  sulphate  of  lime,  and  4  of  silica, 
alumina,  and  oxide  of  iron. 

The  upper  twelve  beds  contain  immense  quantities  of  Gryphva 
incurva,  sometimes  in  nests  of  40  or  50  valves.  PUcatula  intusstriata, 
Emmerich,  is  also  abundant.  I  have  a  specimen  of  Oryphasa  with 
five  PlicatuUe  upon  it.  The  Plicatula  intusstriata  exactly  cor- 
responds with  Moore's  figure,  pi.  16.  fig.  25,  both  in  size  and 
markings. 

With  them  occur  plentifully  Ammonites  angulatus,  Schloth.,  or  at 
least  portions  ;  for  a  perfect  shell  is  hardly  ever  found. 

From  these  beds  also  are  collected  Pleurotomaria  Anglica,  Phola- 
domya  glabra,  Lima  pectinoides,  Pecten  textorius,  BhynchoneUa  va- 
riabilis, and  some  small  species  of  Chemnitzia. 

The  succeeding  beds  are  covered  up  for  a  short  distance,  and  then 
we  come  to 

5.  Ammonites- torus  Bed, — About  four  feet  below  the  surface  of  this 
quarry  occurs  a  bed  of  limestone,  containing  A.  torus  and  A,  tortilis 
of  D'Orbigny. 

With  them  are  also  scales  of  PJiolidophorus  niiidus.  They  are, 
however,  more  plentiful  in  a  ferruginous  bed  just  below,  associated 
with  those  of  Gyroletpis  Alberti. 

6.  Echinoderm-beds, — ^These,  the  most  interesting  beds  of  the 
whole  quarry,  are  full  of  the  spines  and  jaws  of  Cidaris  Edwardsi, 
and  spines  of  Hemipedina  Bechei.  The  little  jaws  are  very  abundant. 
They  are  preserved  in  most  perfect  condition,  showing  the  striated 
side  and  crenated  edge,  like  those  of  the  recent  Echinus  miliaris. 

With  them  are  multitudes  of  beautify  little  Cyiheridcs,  a  few 
Foraminifera,  small  teeth,  and  shell-debris. 

Xll  these  are  to  be  collected  in  any  quantitiy ;  and  as  these  beds 
extend  for  miles,  the  profusion  of  EcMnoderms  must  have  been 
astonishingly  great  when  these  strata  were  deposited. 

7.  Johnstoni-beds,  —  There  are  29  beds,  chiefly  consiBting  of 
fissile,  slaty,  very  argillaceous  sandstones  and  limestones.  The 
specimens  of  Ammonites  Johnstoni  are  very  abundant  and  laige. 

a2 
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The  ehellfl  have  disappeared,  leaving  very  perfect  caste.     Under  these 
is  the 

8.  AvieuJa-bed. — This  remarkable  deposit  fonna  the  bottom  of 
the  quaiT)- ;  for  the  workmen  do  not  find  it  pay  to  go  lower,  on 
accoiuit  of  the  expense  of  blasting  the  limestone-bod  beneadi. 

Fig.  3.~3font/)flifr  Quarry. 


Pith-lflblf^  lAma  gigtM- 


When  well  exposed,  this  bed  is  very  interesting  to  the  palffion- 
tolc^ist.  fipecimens  of  the  fine  Avteula  eygnipfi,  with  the  shell  pre- 
served, lie  about  in  every  direction,  sometimes  12  or  14  in  a  square 
yard,  iutenaingled  with  saurian  vertebrte,  0»lre<r,Pectai,Ka^  Echimw- 
apinee  ;  indeed  the  bed  is  made  up  entirely  of  animal  remftvus. 

It  is,  however,  the  succeeding  beds  which  the  author  hopes  may 
help  to  settle  the  position  of  the  Bridgend  series. 

They  present  very  decided  evidence  in  favour  (rf  Mr.  Brietow'a 
opinion  ii  its  being  for  above  the  Khntic  beds,  and  in  the  Planorbis- 

From  the  fbUowing  section  it  wiU  be  seen  that  the  typical  Rli- 
norhis-fossils  occur  both  above  and  below  the  Sutton  fossils ;  and  both 
are  foar  feet  above  the  well-known  Gotham  marble,  which  in  tlte 
Bristol  district  is  always  known  to  be  immediately  above  the  Avi- 
nda~eonU>rla  series. 

Unleaa,  with  Ur.  If  oore,  we  include  the  White  lias  with  the  Rhetio 
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forniation,  the  latter  is  absent  from  the  Gotham  qoany,  because,  k> 
tax  ae  I  know,  the  Keuper  marb  immediately  underlie  the  Cotham 
marble. 

The  Glamorganahire  bods,  it  ie  true,  difFor  in  their  couglomeratic 
condition  ;  but  that  is  evidently  owing  to  their  geographical  position. 

Ur.  Etheridge  and  Ur.  Sanders  have  both  examined  the  spot 
Their  intimate  knowledge  of  the  geologj  of  the  Bristol  district  must 
go  very  far  towards  establishing  the  opinion  that  the  Sutton  series 
belongs  to  the  Planorbis-zone. 

Fig.  4. — Cotham  Quariy. 


S  Babble 

4  Purpliah  dtj. 


"  I     w[tb  cUn.    Button  {  1  fCno 


UBIMUteflci/l 


ulea    A.JaluulQHi. 


Dlbinbedi  or  White  U 


9.  Rvibble  Bed.—Thie,  which  nndoTlies  the  soil,  contains  a  con- 
siderable number  of  very  good  specimens  of  AmmoniUt  planorbU. 
In  the  same  bed  arc  Limn  gigantea  and  Lima  DunravenenMa.  The 
last  agrees  exactly  with  Hr.  Tawney's  fossil  by  differing  {ram  L. 
gigantea  in  having  well-marked  ribs,  and  from  A  ^nctota,  which 
it  greatly  rcsemblcB,  by  having  slight  ruga  instead  of  the  well-known 
punctat«  markings. 

Under  an  intervening  4-iuch  seam  of  olay  is 

10.  Tortilit-bed. — This  is  only  interesting  as  denoting  its  geo- 
logical poution  by  containing  Ammonilei  tortilia,  B'Orb. 

1 1.  auOon  Btda. — As  described  in  the  section,  these  ore  eleven 
beds  of  limestone,  alt«matiiig  with  days.     The  sixth  from  the  top 
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is  the  most  prolific  in  fossils.     Of  these,  Lima  itiberculata,  L.  Dun- 
ravenentii  and  L,  gigantea  are  the  most  common. 

The  whole  of  these  beds  are  full  of  Ostrea  liassica. 

Immediately  under  the  11th  bed  is 

12.  Pholidophorus-bed. — This  is  a  blue  conchoidal  limestone, 
well  known  as  containing  the  elytra  of  beetles  and  several  species 
of  Pholidophorus, 

13.  Johnstoni'becU. — These  are  shaly  limestones,  containing  Am-^ 
monites  Johnstoni,  and  from  that  circumstance  are  worthy  of  mark. 

14.  White  Idas, — On  this  hill  the  White-Lias  beds  are  very  insig- 
nificant, being  only  two  feet  thick  They  contain,  however,  an 
abundant  supply  of  Modiola  minima,  Monotis  decussata,  Mya- 
cites,  &c. 

Although  thin,  these  beds  are  very  weU  marked,  and  lie  just 
above  the 

15.  Cotham  Marble, — This  is  perhaps  better  known  as  the  land- 
scape stone,  having  markings  of  manganese  resembling  trees,  <&c., 
and  is  sold  for  ornamental  purposes. 

This  last  bed  rests  upon  the  Keuper  marls,  which  here  attain  a 
pretty  good  thickness. 

As  before  mentioned,  the  Avicula-contorta  beds  of  the  Blieetic 
series  are  here  absent,  although  so  well  developed  a  few  miles  off  at 
Almondsbury,  where,  singularly  enough,  the  Cotham  marble  thins 
out  as  the  lUitetic  beds  thicken  and  increase. 


2.  On  the  Lower-Lias  beds  occurring  at  Cothak,  Bbdioksteb,  and 
Ketnsham,  near  Bristol.     By  C.  0.  Groom-Napier,  Esq.,  F.G.S. 

(Abstract.) 

The  author  first  describes  two  quarries  at  Cotham  exhibiting  the 
following  sections : —   * 

I.  Quarry  at  the  haxJc  of  Dundry  Villa, 

ft.  in.      ft.  in. 

1.  SoU  from      0  10  to  1    2 

2.  ArgillaoeouB  loam    0  10  to  1     2 

3.  Shaly  limestone  containing  Cypru  liassica  and  Chondrites 

liassinus 1     3  to  1 

4.  Pale-blue  limestone  containing  casts  of  lAttorina,  Lima 

punctata^  Sfc, 6     0 

5.  Ferruginous  sandy  Lias  (Planorbis-bed)  containing  abun- 
dantly Ammonites  planorbis,  and  less  commonly  A.  John- 
stoni ;  also  A.  tortiiis^  A.  tomsy  Solarium  lenticulare,  Turbo 
subeUganSy  Cerithium  Semele,  Pleuromya  liasaina^  Cidaris 
Edwardsiy  "Pecten  calvus,  Ostrea  liassica^  Lima  succincta^ 
Z.  tubercufataf  L.  acuticostaftty  L,  HettangiensiSy  L,  exal- 
tatcLy  AvicuUiy  spec,  noy.,  Unicardium  caraoides,  fragments 
of  the  bones  of  Ichthyosaurus^  PltsiosauruSy  and  their  teeth* 
rarely  Terebratula  perforatay  MytilusminimuSy  and  M.  ERl- 

lanus 3    0  to  4    0 

6.  Hard  grey  sandstone  with  quartz  grains thicknaas  unknown. 

7.  CUy 0    9  to  1    0 
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8.  Friable  conglomerate,  containing  casts  of  nearly  all  the      fl.  in.      ft.  in. 
shells  found  in  No.  9. 

9.  Pale-blue  thick-bedded  Lias  containing  Ammonitts  John- 
stoni,  Lima  punctata,  L.  eievata^  L.  tuberculata^  L.gigantea^ 
L.  acuticostafa,  L.  dttpluniy  L.  subduplicata^  L,  Terquemi^ 
Vhohdomya  prima^  P,  aUibra,  Pecten  calvtts,  P.  textoritts^ 
P.  SuttonermSf  P.  quaaricostutii^  Ptma  infraliassina,  P. 
species,  Pleuramya  unioides^  P.  Gaiathea,  P,  liassina,  Uni- 
cardia  cardioides,  Cardinia  Listeri,  Ceromya  gibhosa^  Os- 
trea  liassica^  0.  irregularis,  Ter^emia  arietis^  T.  Heberti, 
PlicattUa  intuMtriata,  Mytilus  minimus,  M.  Hillanus,  casts 
of  a  BDeciesof  Gerviltia,Chemnitzia,8Tp.,  Axinus^sD.,  Astarte 
consohrina^  A.  thalassina,  and  Cidaris  Edwarasi,  Near 
the  bottom  of  this  bed  is  the  bone-bed  of  this  tieriee,  about 
4  inches  thick.  It  contains  scales  of  Pholidophorus,  teeth 
of  BgboduSf  scales  of  Gyrolepis  tenui^riatus,  and  G.  Al- 
berti,  small  coprolites  of  fish,  and  Plicatula  intusstriaia. 
The  scales  are  mostly  fragmentary  and  badly  defined.  A 
Lima,  which  I  believe  to  be  Z.  punctata,  is  the  most  cha- 
racteristic shell  of  this  bed. 

10.  A  second  Oyster-bed,  abounding  in  Ostrea  liassica,  and 

with  a  few  specimens  of  Ammonites  Johnstoni 0    6 

11.  Clay  with  monotis  decussata,  Ostrea  liassica,  Pema  infra- 

liassina,  Pieuromya  uniaides,  and  Cardium  Philippianum,      0    1  to  0    3 

12.  Laminated  argillaceous  limestone,  sometimes  alinost  en- 
tirely conopoeed  of  Mytilus  minimus,  Modiola  Hillana, 
Cardinia  Listeri,  Pholadomya,  sp.,  and  casts  of  Littorina. 

13.  Soft  sandstone  containing  Chondrites  liassinus  with 
Cypris  liassica,  Cardium  Phuippianum,  CucuUaa  Hettan- 
giensis,  Pleuramya,  sp.,  and  Pecten  vimineus. 

14.  Indurated  dark-grey  clay  with  crystals  of  sulphate  of 
strontia  and  carbonate  of  lime. 

15.  Gotham  marble. 

16.  Keuper  marl ;  on  the  surface  of  this  stratum  the  author 
found  a  single  specimen  of  Pecten  (Valoniensis?),  and 
fragments  of  bones  of  Ichthyosaurus  and  PUsiosaurus, 

II.  Quarry  in  afield  aboiU  100  yards  from  No,  I. 

1.  Vegetable  soil  2    0 

2.  Argillaoeousloam 0  10  to  1    2 

3.  Sandy  Umestone  passing  into  blue  marl,  the  latter  yielding 
Lima  gigantea,  Pholadomya  glabra,  Bhynchonella  pUcatis- 

aima,  and  spines  of  Cidaris  Edwardsi    0    9tol     0 

4.  Dark-blue  compact  limestone  containing  Ammonites  angu- 
latus,Cidaris  EauHtrdsi,  Littorina  semiomata,  Pecten  coitus, 
Gryphaa,  species,    Bhynchonella  variabilis,    Terebratula 

perforata,  Ostrea  irregularis,  Pentacrinus  Fisheri,  Mytilus 

minimus,  Modiola  Hiuana,  and  Bsh-Bctlei 1    0 

5.  Blue  Limestone,  alternating  with  clay,  and  containing 
Lima  gigantea.  Ammonites  planorbis.  A,  Johnstoni,  Lima 
punctata,  L.  iuberculaia,  L.  acuticostaia,  L,  succincta,  L, 
exdltatcL,  Pecten  Suttonensis,  P.  quadricostatus,  Pieuromya 
unioides,  P.  Galathea,  Ceromya  gibbosa,  Plicatula,  species, 
Terebratula  perforata,  Hemipedtum  BechO,  Astarte  conso- 

bnna,  fish-scales  and  traces  of  Saurian  bones.  6    0 

6.  The  Oyster-bed,  whidi  is  separated  from  No.  5  b^  a  nar- 
row belt  of  blue  day ;  it  contains  Ostrea  liasaiea  in  great 
numbers. 

7.  Conglomerate,  containing  the  same  fossils  as  bed  No.  8  in 
the  prerioui  section. 
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8.  Blae  and  cream-coloured  limestone,  containing  most  of  the 
fossils  found  in  bed  No.  9  of  the  preceding  section,  as  well 
as  a  similar  bone-bed. 

9.  Sandj  Liag,  containing  an  abundance  of  Ostrea  UcLssica^ 
similar  to  bed  No.  10  of  Section  I. 

10.  Equiralent  to  bed  No.  11 ;  but  that  corresponding  to 
No.  12  is  absent. 

11.  Dark-coloured  olaj  with  sulphate  of  strontia. 

12.  Gotham  marble,  containing  Ostrea  irregidarU  and  MytUus 
ndnutus. 

Near  the  water-works  on  Bedminster  Down,  the  uppermost  beds 
resemble  those  of  the  Gotham  sections ;  but  the  author  had  not 
found  the  Upper  Plant-bed  (No.  3  of  Section  I.).  Bed  No.  4,  with 
its  fossils,  and  No.  6,  with  Ammonites  planorhis  &c.,  are  represented 
by  less  ferruginous  and  sandy  beds.  The  fossils  obtained,  however, 
were  less  numerous  than  at  Gotham.  The  lower  beds  were  not  well 
exposed. 

Several  quarries  at  Keynsham  afford  good  sections :  one,  about  a 
furlong  from  the  village,  exhibits  the  Bucklandi-series ;  a  second, 
three-quarters  of  a  mile  from  the  village,  shows  the  Planorbis-Beries 
and  Cypris-beds,  with  Lima  gigantea,  L.  succineta,  L,  punctata,  L. 
tuberc^data,  casts  of  Littorince,  &c. ;  and  Hill's  Quarry  affords  a  section 
of  the  Planorbis-series  and  numerous  belts  of  Lias. 

The  author  comes  to  the  conclusion  that  the  Sutton  stone  is  a 
liassic  rather  than  a  Bhaetic  bed, — that  the  White  Lias  is  repre- 
sented by  beds  No.  2  to  No.  11,  inclusive,  of  Section  No.  I.,  while 
the  Sutton  series  includes  No.  6  to  No.  12, — and  that  the  Planorbis- 
zone  and  the  Sutton  series  are  subdivisions  of  the  White  Lias. 

Mr.  Groom -Napier  then  gives  the  following  descriptions  of  three 
new  species. 

1.  AvicTTLA  Sandersi,  spec.  nov. 

Shell  -J-J-  inch  long  by  ^  in.  broad  ;  thin  and  flat,  with  one  rib 
running  diagonally  across  it.  Surface  smooth,  subovate,  with 
fine  yet  very  clearly  defined  concentric  lines  of  growth ;  umbones 
slightly  curved  outwards.  Locality  Planorbis-bed,  Gotham.  One 
specimen  only.  This  I  have  named  after  my  friend  Mr.  William 
Sanders,  F.R.S.,  F.G.S.,  whose  researches  as  a  geologist,  and  whose 
map  of  the  Bristol  Goal-field,  arc  so  well  known. 

2.  Akattna  GoTHAMEjrsis,  spec.  nov. 

This  shell  is  oval  and  pointed,  ^  an  inch  long  by  ^  broad.  Sur- 
face marked  by  fine  curved  striations,  granulated  at  the  posterior 
edge.  I  have  found  this  solitary  specimen  in  the  Planorbis-bed, 
Gotham. 

3.    HlWKTTES  MINUTUS,  SpCC.  UOV. 

This  I  believe  to  be  new;  shell  coarsely  striated,  round;  has 
7  forked  striations.  Shell  -^  inch  long  by  the  same  broad.  Locality, 
first  quarry,  bed  No.  11,  accompanying  Monotis  dfcussata.  I  may 
mention  that  I  have  found  a  slab  at  Gotham  containing  Pecten  Helii^ 
Ehynchonella  plica tissima,  Quensted,  and  what  is  apparently  P.  Fa- 
loniensis ;  but  not  being  found  in  situ,  I  have  not  mentioned  it  in 
jny  notes  on  the  strata. 


Qiiut  JoimCcol  5».ViniV  HViil 
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3.  On  the  Dentition  of  Rhinoceros  Etrtjscus,  Falc.     By  W.  Botd 

Dawkins,  Esq.,  M.A.,  F.R.S.,  F.G.S. 


1.  Introduction. 

2.  Dental  Formula. 

3.  Permanent  Upper  Molar  Dentition. 

4.  Permanent  Lower  Molar  Dentition. 


[Plates  VII.  &  Vm.] 

CoNTENTtii. 

5.  Comparatiye  Moamirements. 

6.  Affinities. 

7.  Range  in  Space  and  Time. 


1.  Introduction, — ^The  dentition  of  three*  of  the  fossil  species  of 
Rhinoceros  has  already  heen  defined,  and  there  remains  only  that  of 
the  fourth  or  Etruscan  to  complete  the  odontography  of  those  mem- 
bers of  the  genus  that  inhabited  Britain  during  the  Pleistocene 
period.  Some  years  ago  Dr.  Falconer,  along  with  M.  Lartt't,  had 
detected  in  the  collections  of  Mammalia  from  the  Forest-bed,  and 
especially  in  that  made  by  the  Rev.  John  Gunn,  teeth  which  clearly 
were  neither  Megarhine  nor  Leptorhine.  Similar  teeth  he  also  found 
in  Italy  and  Spain,  and  from  their  abundance  in  the  former  country 
he  named  the  animal  to  which  they  belonged  Jihinoceros  Etrusctts, 
Unfortunately  ita  description  was  prevented  by  his  sudden  death ; 
and  the  only  authentic  memorials  consist  of  names  attached  to  spe- 
cimens in  various  museums,  and  of  a  few  fragmentary  notes  which 
were  dictated  to  the  Rev.  S.  W.  King,  and  which  are  printed  at  the 
feet  of  these  pages  f.  At  the  time  of  Dr.  Falconer's  death  there 
were  not  sufficient  materials  in  Britain  for  an  accurate  specific  deter- 
mination ;  now,  however,  they  are  afforded  by  the  entire  molar  series, 
except  the  first  premolar  of  the  lower  jaw,  forwarded  to  me  by  the 
kindness  of  the  Rev.  S.  W.  King,  F.G.S.  Specimens  from  France 
have  also  been  sent  me  by  M.  Lartet ;  and  others  have  been  discovered 
in  the  British  Museum.  I  am  therefore  in  a  position  to  complete  the 
odontography  of  a  species  about  which  less  is  accurately  known  than 
any  other  ranging  through  southern  Europe. 

2.  Dental  Fonnula, — The  number  of  teeth  possessed  by  Rhinoceros 
Etruacm  is  the  same  as  that  of  the  three  species  already  described ; 

it  consists  of 

p      4    I.O    CO    Pm.2.  3.  4.    M.  1.  2.  3. 
™*4'    1.0    CO    Pm.2.  3.  4.   M.  1.  2.  3.' 

The  first  premolar,  if  present  at  aU,  disappeared  very  early  in  life, 
without  leaving  any  trace  behind — a  point  by  which  the  animal  may 
be  defined  at  once  from  all  the  Miocene  species  which  have  yet 
been  found. 

3.  Permanent  Upper  Molar  Dentitian, — Only  two  specimens  of  the 
Etruscan  milk-teeth  have  cx)me  before  me : — the  one  a  last  lower 
molar,  in  the  possession  of  Mr.  Fitch,  of  Norwich ;  the  other,  con- 
sisting of  the  milk-molars  3  and  4,  in  a  jaw  belonging  to  the  Rev. 

»  Nat.  Hist.  Rfiv.  18G3,  No.  XH.  p.  525 ;  Nat.  Hist  Rev.  1865,  No.  XIX.  p. 
339 ;  Quart.  Jnum.  Gool.  See.  voL  xxiiL  (1867),  p.  213. 

t  Since  this  paper  was  written  (October  1867),  Dr.  Falconer's  Memoin  bare 
been  published  (ilanuarj  1868),  in  which  all  the  memoranda  bearing  on  the 
species  in  his  note-books  are  giren.  (VoL  ii.  p.  354  et  teg.) 
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S.  W.  King.  The  jaw  in  which  the  former  of  these  is  implanted  is 
described  by  Dr.  Falconer*.  These  two  spocimcns  afford  insuificient 
data  for  describing  the  milk-molars ;  and  therefore  I  will  pass  on  at 
once  to  the  true  molar  series. 

The  Tipper  true  molars  of  lihinoceros  Etruscus  are  defined  at  sight 
from  those  of  any  other  British  species  by  the  lowness  of  their 
crowns,  the  abruptly  tapering  form  of  the  colics  t,  d  and  e,  and  the 
stoutness  of  the  guard,  o,  on  the  anterior  aspect  The  grinding- 
surface  of  the  crown  is  deeply  excavated,  as  in  the  Leptorhine  and 
Megarhine  teeth,  instead  of  being  worn  flat,  as  in  the  Tichorhine ;  and 
the  enamel  is  remarkable  for  its  smoothness.  For  the  British  tj-pe 
of  the  species  I  have  chosen  the  molar  series  found  in  the  Forest- bed 
at  Pakefield  (Pis.  VII.  figs.  1, 2,  and  VIII.  fig.  4),  in  which  all  the  teeth 
are  present  except  the  first  premolar  of  the  lower  jaw.  It  belonged 
to  a  Rhinoceros  rather  past  the  meridian  of  life.  It  is  coyered  with 
a  red  ferruginous  matrix,  locally  termed  "  pan,"  which  is  character- 
istic of  fossils  which  have  been  imbedded  in  the  Prffiglacial  deposits 
of  the  cast  coast.  The  first  of  the  premolars  (PI.  VII.  figs.  1,  2)  is 
remarkable  for  the  stoutness  of  the  guard,  o,  that  runs  round  the 
anterior  and  inner  surfaces  of  the  crown,  forming  a  clearly  defined 
step  from  its  passage  round  the  median  collis,  e,  to  its  upward  sweep 
at  the  point  on  the  anterior  aspect  where  the  anterior  collis,  c?,  joins 
the  lamina.  Its  horizontal  position  up  to  that  point  is  characteristic, 
and  defines  the  tooth  from  any  of  its  Pleistocene  or  recent  homo- 
logues.  Its  antero-extemal  angle  is  slightly  produced.  Costie  1  and 
2  are  slightly  developed,  while  costa  4,  bounding  the  tumid  posterior 
area,  is  sharp  and  well  defined.  The  second  premolar,  pm.  3,  re- 
produces all  the  characters  of  the  first,  excepting  the  production  of 
the  antero-extemal  angle.  It  is  very  much  larger,  and  presents  an 
outline  more  nearly  approaching  an  oblong.  The  tnmidity  also  at 
the  base  of  the  posterior  area,  n,  is  more  pronounced.  The  third 
premolar,  pm.  4,  is  differentiated  from  the  second  only  by  its  greater 
size.  The  horizontality  of  the  guard,  o,  and  its  height  above  the 
cingulum,  characterize  the  whole  of  the  premolar  series,  and  prevent 
its  being  confounded  with  that  of  any  other  British  species.    The 

*  **  lihinoceros .    Left  ramus,  lower  jaw,  five  teeth  out,  last  true  motar 

not  protruding,  last  milk-molar  not  dropped  out,  showing  symphyns  and  di*- 

Rteme ;  longitudinal  strisD  well  marked ;  matrix  of  '  red  pan '  of  forest-bed  well 

marked.    Length  from  anterior  end  of  socket  of  first  premolar  (droi 

end  of  last  true  molar  10  inches."    (Dictated  to  the  Ber.  S.  W.  D 

Falconer.)    Dr.  Falconer,  however,  seems  to  hare  made  up  his  mind 

ait  to  its  Etniscan  character.    See  Palieont.  Memoirs,  toI.  ii.  p.  S47,  publidied 

after  this  essay  was  written. 

t  A  list  of  the  terms  and  letters  used  to  identify  homoloffonB  parti  in  the 
teeth  of  Rhinoceros  has  already  been  giyen,  in  the  Quart.  Joum.  G<eoL  8o& 
▼ol.  xxiii.  p.  218.  Without  the  use  of  some  such  qritem  it  ia  impoMiUd  to 
assign  a  true  value  to  the  difierenoes  observable  between  oloeelv  allied  qpeoies  of 
the  same  genus.  Throughout  the  essays  on  the  dentition  ot  Bhinooeroa,  the 
same  terms  and  letters  are  used,  so  that  the  homoloeoua  parts  in  any  one  tooth 
may  be  compared  with  those  of  any  other.  Moat  of  the  terms  are  taken  firam 
the  masterly  work  on  the  Tichorhine  Bhinoceroe  by  Frofesaor  Brandt  (M4m. 
Acad.  St.  P^tcrsb.  6*  S4^r.  tom.  vii.). 
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height  of  the  entrance  of  the  anterior  valley,  a,  above  the  dnguluniy 
is  also  a  point  of  difference.  In  this  case  it  is  worn  away. 
There  is  but  little  difference  observable  between  true  molars  1  and  2. 
In  both  the  guard  is  very  strongly  marked  on  the  anterior  aspect, 
and  is  represented,  more  or  less,  by  a  line  of  small  obtusely  pointed 
cusps  passing  across  the  anterior  coUis,  d,  and  the  posterior,  e.  In 
the  first  true  molar  it  is  not  observable  on  the  inner  aspect  of  d,  but 
it  blocks  up  the  entrance  into  the  anterior  valley,  a ;  while  in  the 
second  it  is  visible  on  the  former  and  absent  from  the  valley-entrance. 
In  both  it  is  present  on  the  inner  base  of  e.  The  entrance  of  the 
anterior  valley,  a,  is  wide,  the  posterior  combing-plate,  h,  is  very 
large.  The  third  collis,  e,  is  notched  and  cuspless,  as  in  the  Mega- 
rhine  and  Leptorhine  teeth.  The  two  anterior  costae,  and  especially 
the  second,  k  2,  are  strongly  marked ;  and  the  posterior  area,  n,  is 
excavated,  and  inclines  very  much  inwards  as  it  approaches  the 
grinding-surface  of  the  crown ;  at  the  point,  however,  where  it  joins 
the  cingulum  it  is  tumid.  A  ridge  sweeps  round  the  bottom  of  the 
laminae,  and  connects  costa  1  with  costa  4.  These  last  two  points 
are  highly  characteristic.  The  last  true  molar  (PL  VIII.  fig.  4),  which 
is  about  half  worn,  is  remarkable  for  the  great  width  of  its  valley- 
entrance,  and  for  the  great  development  of  the  posterior  combing- 
plate,  hy  which  pas.sc8  across  the  valley  and  is  fused  to  the  anterior 
collis,  d,  and  thus  insulates  the  head,  c,  of  the  anterior  valley,  a. 
The  guard,  o,  is  very  stout  on  the  anterior  aspect  of  d,  and  is  repre- 
sented by  a  line  of  cusps  at  the  inner  base  of  the  latter.  The  pos- 
terior vcdley,  6,  is  a  faint  depression  behind  the  median  collis,  e^ 
circumscribed  by  a  cuspless  ridge  of  enamel  homologous  with  the 
third  collis,  /,  in  the  upper  molar  series. 

In  the  Rev.  S.  W.  King's  collection  there  are  several  isolated  teeth 
belonging  to  the  Etruscan  species,  and  all  obtained  from  the  Forest- 
bed  on  the  east  coast.  A  right  upper  true  molar  3*  reproduces  aU 
the  characters  of  that  which  has  been  just  described.  Two  premolars 
also  correspond  exactly  with  the  third  premolar  of  the  Pakefield 
jaw,  while  the  third,  or  the  first  premolar  (Pm.  2)  of  the  right  side, 
is  remarkable  for  th9  development  of  an  accessory  combing-plate. 
Its  posterior  collis  is  notched  and  cuspless.  The  entrance  of  the 
anterior  valley  and  the  cingulum  are  situated  respectively  0*82  and 
0*48  inch  from  the  base  of  the  crown.  Among  the  teeth  of  ^t- 
noceros  forwarded  to  me  by  the  Rev.  John  Gunn,  is  a  small  right 

♦  R.  EfruKUs,  Falc. ;  syn.  R.  Uptorhinus,  Cuv.,  pro  parte,  R.  tich/orkinua  auo- 
torum.  Last  true  molkr,  upper  jaw,  right  side,  half-wom,  and  presenting  the 
distinctive  characters  of  the  species.  The  imperfect  pit  {puiU)  at  the  base  of  the 
posterior  inner  angle  is  dereloped  exactly  as  in  tne  specimens  from  the  Yal 
aAmo,  and  as  in  a  specimen  from  Malaga  with  which  it  was  confronted.  The 
enamel  still  is  thin,  and  tfie  outer  surface  is  marked  by  very  fine,  parallel* 
closely  appressed  grooves.  The  tooth  differs  from  the  ordinary  character  chiefly 
in  having  the  plate  which  is  thrown  off  from  the  posterior  barrel  continued 
across  the  valley  so  as  to  form  a  bridge  between  toe  anterior  and  posterior 
barrels,  isolating  a  portion  of  the  transverse  fissure  into  a  round  hole.  ^Diis 
chancier  is  rare  among  the  Bbinooeroses.  (Dictated  to  the  Rev.  S.  W.  King  by 
Dr.  fUconer,  13th  December,  1861.) 
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upper  molar  labelled  by  Dr.  Falconer  "  the  penultimate."  It  belonged 
to  an  animal  in  its  full  prime,  and  agrees  exactly  with  the  first 
upper  true  molar  figured.  In  Mr.  Fitch's  collection  also,  in  Nor- 
wich, there  is  a  first  upper  true  molar,  together  with  one  too  much 
worn  to  have  its  position  in  the  jaw  accurately  determined.  In  the 
British  Museum  there  is  an  Etruscan  left  upper  true  molar  2,  which 
was  formerly  in  the  Layton  collection.  The  black  ferruginous  matrix 
which  adheres  to  it  proves  that  it  was  obtained  from  the  Forest-bed, 
while  its  waterwom  condition  shows  that  it  has  been  exposed  to  the 
waves  of  the  sea.  It  was  therefore  most  probably  obtained  from  the 
Norfolk  or  Su£fblk  shore,  or  perhaps  may  have  been  dredged  up  from 
the  bottom  of  the  German  ocean  off  that  coast.  It  agrees  in  every 
respect  with  the  true  molar  which  I  have  described  above.  This 
list  comprises  all  the  Etruscan  upper  molars  from  British  localities 
which  have  passed  through  my  hands. 

I  will  now  pass  on  to  the  consideration  of  the  teeth  of  Ehino- 
eeros  Etruscus  from  foreign  localities.  In  a  collection  of  Mammalia 
in  the  British  MiEseum,  obtained  by  M.  Bravard  from  PeroUes,  are 
two  teeth  described  in  his  catalogue  as  those  of  the  Tichorine  species ; 
they  belong,  however,  beyond  all  doubt,  to  the  species  under  con- 
sideration. The  one,  a  left  upper  true  molar  3  (PI.  VIII.  fig.  5),  agrees 
in  every  respect  witb  that  of  the  jaw  from  Pakefield.  The  entrance, 
however,  to  the  anterior  valley  is  rather  wider  and  and  more  open. 
The  other  is  a  left  premolar  4  (PI.  VIII.  fig.  2),  very  much  worn, 
that  probably  belonged  to  the  same  animal  as  the  last  true  molar. 
It  presents  all  the  characters  ascribed  above  to  the  premolar  series. 
To  M.  Lartet  I  am  indebted  for  evidence  of  the  occurrence  of  the 
species  in  a  second  locality  in  France,  afforded  by  a  first  premolar 
(Pm.  2),  half  worn,  from  tiie  Pleiocene  beds  of  Etampes  (PL  VIII. 
fig.  1).  The  entrances  of  the  two  valleys,  a,  h,  are  situated  high 
above  the  cingulum.  The  guard,  o,  is  very  stout,  and  especially  on 
the  anterior  aspect,  and  is  removed  from  the  cingulum  by  at  least 
0'3  inch.  It  sweeps  round  from  the  antero-extemal  angle  of  the 
tooth  as  far  as  the  apex  of  the  postero-intemal,  and  forms  a  pedestal 
from  which  the  two  coUes,  d  and  e,  gradually  taper  upwards.  The 
external  lamina,  Z,  is  tumid,  and  the  second  costa,  k  2,  is  strongly 
marked.  It  presents  one  character  not  observable  in  any  British 
specimen,  in  the  insulation  of  an  accessory  valley  by  two  combing- 
plates,  h ;  as,  however,  they  spring  from  the  anterior  wall  of  the 
second  collis,  e,  they  cannot  be  considered  homologous  with  the  an- 
terior combing-plate,  </,  so  characteristic  of  the  Tichorhine  species, 
in  which  the  latter  invariably  springs  from  the  external  lamina. 
Both  are  therefore  posterior  combing-plates,  h,  A  second  specimen 
sent  by  M.  Lartet  is  a  premolar  3,  from  Velay ;  it  agrees  with  the 
description  of  the  corresponding  tooth  from  Norfolk  in  all  points, 
except  the  great  size  of  its  posterior  combing-plate,  which  is  bounded 
by  a  waved  line  of  enamel. 

The  remains  of  the  species  are  more  abundant  in  Italy  than  any- 
where else  ;  and  there  are  several  jaws  and  teeth  from  that  countiy 
in  the  Museums  of  Oxford  and  London.     In  the  British  MuBenir 
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there  is  a  fine  upper  true  molar  1  (PI.  VIII.  figs.  3  a,  3  b)  from  the  Val 
d*Amo,  which  is  but  little  worn,  and  therefore  belonged  to  an  ado- 
lescent animal ;  as  compared  with  the  English  specimens  it  is  re- 
markable only  for  its  smaller  size.  The  guard,  o,  is  represented  on 
its  inner  aspect  by  a  line  of  cusps  passing  across  the  second  coUis,  e, 
and  blocking  up  the  entrance  of  the  anterior  valley,  a.  In  the  same 
museum,  also,  there  is  a  plaster  cast  of  a  skull  containing  five  out  of 
the  six  teeth.  The  first  premolar  presents  the  same  feature  as  that 
described  in  the  specimen  from  Etampes.  The  two  posterior  comb- 
ing-plates  have  insulated  a  portion  of  the  anterior  valley,  as  in  PI. 
VIIL  fig.  1 ;  and  there  consequently  appear  on  the  worn  crown-surface 
three  islands  of  enamel*.  In  the  Oxford  Museum  there  is  a  frag- 
ment of  the  maxillary  bone  containing  premolars  8,  4,  and  true 
molars  1,  2,  brought  from  the  Val  d'Arno  by  Mr.  Joseph  Pentland. 
The  teeth  are  very  much  shattered,  with  the  exception  of  the  first 
true  molar.  They  present  all  the  characters  of  the  Etruscan  species. 
This  specimen  is  highly  impregnated  with  iron,  and  has  been  derived 
from  a  sandy  matrix.  From  the  same  deposit  are  preserved  the 
teeth  of  Elephas  meridionalis,  E,  arvUquus,  and  Jlippopotamvs  major ; 
and  its  fiuviatile  or  lacustrine  origin  is  proved  by  the  presence  of  a 
large  species  of  Anodonf,  Evidence  also  is  afibrded  by  an  upper 
jaw  of  the  animal  found  at  Malaga,  and  now  preserved  in  the  British 
Museum,  that  the  animal  lived  in  the  south  of  Spain.  The  teeth, 
which  consist  of  the  whole  molar  series,  except  premolar  4,  agree 
exactly  with  those  which  have  already  been  described  J. 

4.  Permanent  Lower  Molar  Dentition, — The  lower  molar  series 
(PI.  VII.  fig.  3)  of  Rhinoceros  Etrusats  is  easily  distinguished  from  that 
of  the  Megarhine  species,  with  which  it  is  associated  on  the  Cromer 
shore,  by  the  possession  of  the  following  characters : — ^The  teeth  are 
much  smaller  and  the  unworn  crowns  are  much  lower.  In  the  true 
molars  also,  the  guard,  o,  before  and  behind  is  much  more  strongly 
marked.  In  true  molars  1  and  2  it  frequently  crosses  the  base  of  tiie 
posterior  area,  n,  and  disappears  in  the  median  groove,  t,  and  is 
always  represented  more  or  less  by  a  line  of  tubercles.  This  cha- 
racter is  strongly  exaggerated  in  tiie  premolars,  in  which  there  is  a 
similar  prolongation  of  the  anterior  guard  backwards  to  meet  the  pos- 
terior in  the  nuddle  of  the  median  groove,  t.  The  enamel  structure 
throughout  is  also  rougher  than  in  the  Megarhine  teeth.  As  com- 
pared with  the  Leptorhine  and  Tichorhine  species,  it  is  differentiated 
by  the  presence  of  the  guard,  o,  on  the  external  lamina,  by  the  low- 
ness  of  the  crown,  the  thickness  of  the  enamel,  and  by  the  absence 
of  coetae  from  the  rounded  anterior  area,  m.  The  finest  specimen 
that  has  passed  through  my  hands  consists  of  the  two  rami  that 
belong  to  the  same  animal  as  the  upper  molar  series  frx>m  Pakefield. 
They  contain  five  out  of  the  six  molars,  premolar  2  only  being  absent. 

*  The  remains  of  this  speciee  in  the  British  Museum  have  now  been  larsely 
inoreased  by  the  aeoession  of  all  the  type  specimens  in  the  posseasion  of  the  late 
Dr.  Fslccner. — January  ]868. 

t  Described  in  Dr.  Ealooner's  notes,  Pal»ont  Mem.  vol.  ii.  p.  354. 

I  Described  by  Dr.  Falconer,  vol.  ii.  p.  S60. 
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The  left  ramua  (PI.  YII.  fig.  3)  shovra  the  typical  molar  dentition. 
Jf  any  other  lower  jawa  of  the  Etruscan  species  have  also  been  obtuincd 
from  the  Forest-bed ;  one  k-tt  ramus  in  the  passotwion  of  Mr.  Fitch, 
of  Norwich,  was  confliiIcr<;iI  by  Professor  Owen"  to  belong  to  his  Lep- 
torhine  spceies.  Its  curre^poiidencc,  however,  with  other  jaws  which 
are  indisjintttblv  Etruscan,  place  its  determination  beyond  all  doubt, 
although  the  only  toeth  it  presenU  are  tho  last  milk-molar  and  tho 
germ  of  the  true  molarf.  In  tho  Norwich  lEuaeum  there  is  a  right 
lower  ramus,  which  belonged  to  an  old  adult,  and  a  Isist  true  molar, 
both  of  which  were  obtained  by  Miss  Gumey  from  the  Forest-bed. 
In  the  Gcolo^cal  Museum  at  Cambridge  there  are  also  two  rami 
that  contain  four  out  of  the  six  molars,  and  belonged  to  an  animal 
in  the  prime  of  life.  They  were  found  in  tho  same  locjility  as  the 
preceding,  by  ^f  L-is  Gumcy.  A  loft  lower  ramus  containing  the  tme 
molar  series  was  foi'warded  to  me  by  the  Hev.  John  Gunn,  which 
had  bct-n  named  by  Dr.  Falconer  Sliinoeeros  leplorhlniix  of  Cuvier. 
Its  characters,  however,  r<^ad  by  tho  light  of  diKovories  since  his 
death,  show  that  it  really  belongs  to  Rhhioctroi  EtrutaiM.  There 
aro  also  a  few  specimens  in  Britain  of  the  lower  molars  ol IChlttoefroi 
Etruscttt  from  foreisTi  localities,  consisting  of  a  lower  jaw  from  the 
Val  d'Anio  in  ilr.  Pcntland's  collection  at  Oxford,  and  some  isolated 
teeth  from  PcroUes  in  the  British  Museum.  None,  without  excep- 
tion, that  have  passed  through  my  hands,  present  any  deviation 
from  the  characters  which  have  been  ascribed  above  to  the  lower 
molars  of  Ithinne-froa  ElrKJvm. 

5.  Compiiralire  Meitsrirtmenta. — Tho  measarementfl  taken  at  the 
base  of  the  crown  in  inches  and  tenths  aro  uniform  with  those  of 
tho  preceding  essays  on  tho  Tichorhinc,  Hegarhine,  and  Leptorhino 
dentition.     They  are — 

1.  Antcro- posterior,  taken  along  the  ontsidc  of  the  crown. 

2.  A  ntero- transverse,  token  across  the  anterior  lobe  of  the  tooth. 

3.  Postoro-trausvcrse,  taken  across  the  posterior  lobo  of  the  tooth. 
A  comparison  of  the  meaaurcmenta  of  the  Etruscan  teeth  with 

those  of  the  Pliocene  and  Miocene  apecies  will  show  the  difference 
of  size  existing  between  them. 
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M.  1    1-85 'l-2    114 

BI.2  jl77  119  1-14 

M.  3  !l-85    ...    105 

•£  III*     X         •■•      I      •••  ••• 

Pm.  2  1  19  0-72  089 
Pm.  3  \:m  1-02  1-08 
Pm.  4jl-08il-lR,l-25 
M.  1  il-8o  l-25,l-4r) 
M.  2   1S»9  1-46  1-52 
M.  3   1-85  1-38  1-25 
Pm.  106    1\V)    ... 
,Pm.  2  1-2    0-88  0^ 
|Pm.  3'l4    «  95  1-5 
Pm.  4  1-45  11     11 
M.  1    1-65  111  115 
M.  2   175  1-25  1-25 
M.3   1-6    11    11-09 
/IPm.  2  1<>5  0-53  072 
Pm.  3  1-2    0  78  0-88 


Miocene. 


Pm.  4  1-34  09 
M.  1  Il42  1-05 


M.  2 
M.3 


1-45  Oi>8 
1-48  Oi) 


0^)5 
0^ 
10 
092 


6.  Affinities, — The  Mogarbinc  and  Leptorhine  Rhinocerofl  present, 
as  we  have  seen  in  the  preceding  essays*,  dental  characteristics 
which  are  now  shared  among  the  living  and  widely  divergent  species ; 
the  Etruscan,  on  the  other  hand,  points  rather  backwards  than  for- 
wards in  time,  and  its  dental  characters  are  represented  only  by  the 
milk-teeth  of  some  of  the  Khinoceroses  that  lived  after  its  extinction. 
The  teeth  of  the  genus  Rhinoceros  may  be  divided  into  two  distinct 
classes,  characterized  severally  by  the  height  or  lowness  of  their  un- 
worn crowns,  and  especially  in  the  case  of  the  upper  molar  series. 
To  the  high-crowned  or  hypsodontf  division  belong  all  the  living 
and  all  the  Pliocene  and  Pleistocene  species,  with  the  exception  of 
Hhinoceros  Etruscus  and  perhaps  R.  pachygnathus  of  Pikermi.  To  it 
also  belong  all  the  Khinoceroaes  from  the  Sivalik  HlQb.    The  typical 

*  Nat.  HiAt.  Bey.  1865,  No.  XTX.    Quart  Joum.  G«oL  Soo.  vol.  niiL  p.  227. 
t  iH(/o«e=  height^  6^o^=tooth. 
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hypsodont  dentition  reaches  a  niuximum  of  development  in  the  B. 
ti4^rhinu8,  R,  platt/rhinus,  and  R,  simus.  To  the  second  or  bra- 
cbydont*  division  belong  Rhinoceros  Etruscus  and  all  the  Miocene 
species  both  of  Europe  and  North  America,  the  only  exception 
being  presented  by  those  from  the  deposit  in  the  Sivalik  hills,  which 
seems  to  me  by  no  moans  of  indisputable  Miocene  age.  Into  this 
group  also  falls  the  remarkable  hornless  Ehinoceros,  the  Acerothe^ 
rium  incisivum.  This  form  of  tooth,  so  universal  in  Miocene  times, 
is  preserved  now  only  in  the  deciduous  teeth  of  the  recent  and  fossil 
species.  We  have  therefore  to  compare  Rhinoceros  Etruscus  with 
Miocene  rather  than  Pliocene  or  Pleistocene  members  of  the  genus ; 
and  so  closely  does  it  approach  some  of  these  that  an  isolated  tooth 
could  hardly  be  determined  with  absolute  certainty  if  the  locality 
were  unknown.  All  its  characteristics  occur  in  an  intensiHed  form, 
but  are  not  altered  in  any  essential  point.  It  differs  from  the  Rhi- 
noceros of  Auvergne  only  by  the  greater  complexity  of  the  anterior 
valley,  by  the  larger  development  of  the  posterior  combing-plate,  and 
by  the  more  slightly  defined  guard  on  the  inner  aspect  of  the  pre- 
molar series.  In  the  latter  species,  however,  the  first  premolar, 
pm.  1,  is  persistent,  so  that  it  prosentiid  the  normal  molar  formula 
of  the  placental  mammals.  The  exact  geological  horizon  of  this 
species  is  very  obscure.  It  was  derived,  according  to  M.  Gervais  t, 
from  the  "  pseudo-pliocene  d'Issoire,"  and  is  the  same  as  the  R. 
tlatus  of  the  Abbe  Croizet,  and  has  even  been  referred  to  the  i?.  me- 
garhiwis  of  M.  do  Christol.  The  Rhinoceros  hrachypuSy  Lartet,  from 
the  Miocene  of  Ville-Franche  d'Astarac,  in  Auvergne,  has  also  four 
persistent  premolars.  It  diverges  from  the  Etruscan  species  in  the 
following  points : — The  guard  on  the  inner  surface  of  the  true  molars, 
which  is  merely  sketched  out  in  R.  Etniscus,  is  fully  and  strongly 
developed ;  the  strongly  impressed  guard  in  the  premolars  on  the 
posterior  area,  and  in  the  true  molars  on  both  areas ;  the  posterior 
combing-plate  is  not  so  strongly  marked.  The  crowns  of  the 
premolars  are  worn  flat,  while  those  of  the  tnie  molars  are  ex- 
cavated ;  but  this  may  possibly  be  a  mere  peculiarity  of  the  indi- 
vidual. In  the  lower  molars  of  the  same  animal  the  guard  is  far 
more  strongly  impressed  on  both  areas,  and  especially  so  in  the  pre- 
molars, and  is  very  pronounced  on  the  inner  aspect  of  the  anterior 
collis,  which  it  traverses  diagonally.  The  dentition  of  R.  Simor- 
rensiSf  Lartet,  from  the  same  locahty  as  the  last,  presents  the  fol- 
lowing points  of  difference  :-^In  the  upper  jaw  the  guard  is  more 
strongly  impressed  on  the  true  molars,  more  slightly  on  the  pre- 
molars. The  lower  jaws,  however,  of  the  two  animals  are  identical 
in  form.  Premolar  1  is  present  in  both,  being  very  small  rela- 
tively to  the  other  teeth,  and  a  mere  representative  of  a  departing 
structure.  All  the  teeth  are  ver}*  much  smaller.  The  Rhinoceros 
Etruscus  is  more  or  less  allied  to  all  these  in  the  form  of  its  teeth  ; 
but  its  closest  ally  is  the  hornless  Bhinoceros  of  Darmstadt,  the 
Acerotherium  incisivum  of  Kaup  (  =  ii.  incisivuSf  Cuvier).  The  latter, 
Jiowever,  is  defined  by  the  large  incisors  and  by  the  persistence  of 
*  /3pax^s»  Abort.  o^od«-a  tooth.  t  Palfontologici,  p.  59. 
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prc-rnolar  1 ,  The  ^ard  rouud  the  inner  base*  of  the  premolars  Li 
vjinc'what  stouter,  but  at  the  base  of  the  posterior  area  is  le:>>s  deve- 
loped. The  jKj'iienor  combin«;-plate  in  the  last  upper  tme  molar 
does  not  inituUto  the  head  of  the  vallev.  In  the  lower  mo!:xr  series 
there  is  not  the  sli^^htest  trace  of  a  guard.  Wiih  these  exceptions 
the  tef.*th  of  the  two  s{iecies  resemble  one  another  so  closelr  that  it 
would  be  impossible  to  determine  the  separate  molars  of  the  one 
from  those  of  the  other.  These  points  of  difference  are  aUo  found 
in  R.  H'hleiei'inn  heri,  fi'om  the  same  locality ;  but  in  addition  the 
teeth  of  tlic  1 'it tor  animal  are  rather  hiprher,  and  the  third  cotta 
is  more  stronijly  marked  on  the  posterior  area  of  the  premolar  series. 

'Die  second  up|x;r  true  molar  of  the  Etniscan  species  bears  a  re- 
markable resemblance  to  the  last  upper  milk-molar  of  the  Megarhine ; 
HO  close,  indeed,  is  this  that  for  a  long  time  I  classified  an  isolated 
tooth  in  the  British  Museum  with  those  of  the  latter  species,  the 
only  difference  obsi;rvablc  between  them  being  the  slightly  thicker 
enamel,  and  the  slightly  more  massive  form  of  the  Etruscan  tooth. 
The  same  mistake,  however,  could  not  happen  in  the  case  of  the 
milk-teeth  of  any  other  recent  or  fossil  species ;  for  the  differences 
are  so  strongly  marked  that  they  need  no  mention  in  this  place. 
Thus  the  permanent  molar  series  of  R.  Etnucus  is  closely  related  to 
several  of  the  Miocene  species,  and  especially  to  that  of  A  •et'oth^- 
rium  itirisivitm  and  JL  Hchleiermncheri^  the  only  exception  being  that 
one  of  the  tfctli  is  representt^d  iu  the  milk-dentition  of  Rhinocerog 
megarJunutt ;  wo  arc  therefore  compelled  to  admit  the  Miocene  cha- 
racter of  R,  Etrmcm,  Of  the  three  other  Pleistocene  species. 
Rhinoceros  tirhorhintut,  the  most  modem  of  them,  stands  in  close  rela- 
tionship with  the  R,  simus  of  India,  while  R.  megarhinta  and  B, 
leptorhinus  of  Owen  are  closely  related  to  the  bicom  Rhinoceros 
of  Sumatra.  Tlie  Etruscan  species,  on  the  other  hand,  stands  aloof 
from  all  these,  and  is  to  be  viewed  as  the  last  representative  of  a 
Miocene  type  that  lingered  on  into  the  first  stage  of  the  Pleistocene 
period,  its  peculiar  adult  dentition  being  found  in  none  other  of  the 
Pleistocene  species ;  and  with  it  the  hypsodont  form  of  tooth  universal 
in  the  Miocene  of  Europe  became  obsolete. 

7.  R'nxyf  in  Sftfice  and  Time, — I  have  now,  in  conclusion,  briefly 
to  review  the  range  of  the  species  in  space  and  time.  It  has  not  yet 
been  proved  to  have  existed  in  Oermany*,  nor  has  it  been  foand 
elsewhere  in  any  deposit  of  clearly  Postglacial  age.  It  wandered 
over  the  Italian  portion  of  the  Pliocene  continent  along  with  EUphai 
meridionalis,  E,  antiquw.  Hippopotamus  majon  and  Rhinoceros  me- 
garhinus.  Thence  it  passed  northwards,  together  with  the  great 
bnlk  of  the  Italian  Pliocene  fauna,  into  France,  and  westward  into 
Spain,  and  advanced  as  far  north  as  the  low-lying  country  that  now 
forms  the  bed  of  the  German  ocean,  where  it  occurs  in  the  Pre- 
glacial  forest  of  the  Norfolk  and  Suffolk  shore.     Its   abnndance 

*  The  animal  from  Faxland,  near  Carkruhe,  dfacwibed  aivd  figured  hf  Her- 
mann Ton  Meyer  under  the  name  of  R.  MerJH,  ie  conndered  bj  M.  IjuiM.  to 
belong  to  the  Btruioan  epeoiee.  If  this  determination  be  tme,  toe  nttfe  of  tbe 
auiual  miait  be  extended  to  the  vallej  of  tiie  Rhine. 
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in  Italy  proves  that  its  headquarters  were  in  that  country.  No- 
where is  it  assQciated  with  any  of  the  animals  fitted  for  living  in  a 
severe  climate.  As  the  temperature  of  Preglacial  France  and 
Britain  became  lowered  at  the  approach  of  the  Glacial  epoch,  it 
retreated  southwards,  and  most  probably  made  its  last  stand  in 
Spain  and  Italy.  There  is  not  the  slightest  trace  of  its  ever  having 
coexisted  with  Rhinoceros  tichorhinus,  which  was  its  representative 
in  the  Postglacial  European  fauna  that,  favoured  by  the  cold,  passed 
southward  over  the  Alps,  at  least  as  far  as  Rome.  There  has  always 
been  considerable  doubt  as  to  the  exact  correlation  of  the  Italian 
Pliocenes  with  the  Postglacial  deposits  of  France  and  Britain,  bo- 
cause  of  the  great  probability  that  while  animals  capable  of  living 
in  a  northern  climate  dwelt  in  those  countries,  a  southern  fiEiuna 
inhabited  Italy.  This  point  has  lately  been  settled  by  the  dis- 
coveries of  M.  Caselli*,  who  has  proved  that  the  Cave-HysBna  and 
Cave-Bear,  the  Mammoth,  and  Glutton  passed  southwards  and 
established  themselves,  to  say  the  least,  in  the  midst  of  the  Italian 
Pliocene  fauna.  We  have  therefore  the  means  of  knowing  that 
the  great  ossiferous  deposits  of  the  Val  d'Arno  are  of  Preglacial 
age,  because  they  contain  animnls  exclusively  of  a  southern  type. 
Even  in  Italy  we  have  no  proof  that  the  Etruscan  Ehinoceros  was 
living  at  the  time  of  the  irruption  of  the  Postglacial  mammals. 

In  the  following  table  I  have  represented  the  range  in  time  of  the 
four  fossil  Ehinoceroses  found  in  British  Pleistocene  deposits,  that 
their  value  in  classification  may  be  seen  ut  a  glance. 
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EXPLANATION  OF  PLATES  VII.  &  VIII. 
(Afi  the  Figures  are  of  the  naturai  Mze). 

Plate  VII. 

Fig.  1.  Crowns  of  left  upper  Molar  series,  except  m.  3.     Pakefleld.    Nat  siie. 

2.  External  lamins  of  the  same  specimen,  natural  sise. 

3.  External  larainte  of  left  lower  Molar  peries,  except  pm.  2.    Pakefleld. 

Plate  VIII. 
Fig.  1.  Right  upper  Premolar  2.    Etamp^.    M.  Lart^t 

2.  Inner  view  of  left  upper  Premolar  3.    P^rolles.    Brit.  Mut. 

3  a.  Inner  view  of  left  upper  true  Molar  1.    Val  d*Amo.    Brit  Mns. 

3  h.  External  lamina  of  the  same.    Ibidem. 

4.  Crown  of  right  upper  Molar  3.    Pakefleld. 

5.  Crown  of  left  upper  Molar  3.    P^rollea.    Brit  Mus. 

*  Correapondance  de  Rome,  Mat  5,  1867. 
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Postscript. — The  *  Palaiontologrical  Memoirs '  of  Dr.  Falconer,  pub- 
lished a  few  days  after  the  reading  of  this  Essay  before  the  Societ] 
(Jan.  8,  18()S),  contain  notes  on  Rhinoceros  fUruscxis,  and  man] 
beautiful  plates  of  jaws  and  teeth  for  the  most  part  from  Italj 
(vol.  ii.  p.  354-^68,  pis.  25-29).  With  the  sole  exception  of  th< 
terminolog}*  being  different,  Dr.  Falconer's  definition  of  the  species  ii 
identical  with  my  own.  In  the  same  work  also  there  are  Rwav( 
on  the  three  other  species  of  Rhinoceros  found  in  (Ireat  Britain 
which  (if  the  name  7f.  antiquiUitiSy  Blum.,  be  substituted  for  R 
tichorhinuSy  Cuvier,  R,  hcmitoerhxuiy  Falc,  for  R,  hptorhinus,  Owen 
and  R.  Uptorhinus,  Cuvier,  for  R.  metjarhinus,  De  Christol)  differ  bul 
very  slightly  from  those  which  form  the  series  of  which  the  memoii 
on  R,  Etruscns  is  the  conclusion.  The  difference  is  merelv  one  o1 
names ;  and  the  conclusions  arrived  at  independently  of  each  othei 
are  identical.— W.  B.  1)..  Feb.  29,   18(58. 


January  22,  1868. 

James  Trubshaw  Johnson,  Esq.,  Mining  and  Civil  Engineer, 
Lichfield,  Staffordshire,  and  Stephen  Brown  Dixon,  Jun.,  E'^q., 
Pewsey,  Wilts,  were  eh?cted  Fellows. 

The  following  communications  were  read: — 

1.  On  the  Spekton  Clay.     By  John  W.  Judd,  Esq.,  F.Cr.S.,  of  the 
(leological  Survey  of  England  and  Wales. 

Contests. 
I.  Introduction. 
II.  Bibliography  of  the  subject. 
IT  I.  General  aewrijition  of  the  Coast-sedion  at  Si)e«ton. 
IV.  Is  the  Spect-on  Clay  the  equiralent  of  the  Oanlt? 
V.  Clas-sification  of  tlio  bodH  constituting  the  Speeton  Clay. 

A.  I'pncr  Nenconiian. 

B.  Middle  Ne.  comian. 

C.  Ijovrer  Neoconiian. 
T>.  Porilundian. 

K.  Up]>er  Kim nier idee. 
R  Middle  Kimmoridgc. 
G.  Lower  Kiinnieridge. 
VI.  C*onclusion. 

Appendix  A.  Table  showing  the  vertical  distribution  of  the  fossils  of  the 

S|)eeton  Clay. 
„  B.  Noto!«  on  the  (Uritribution  of  some  of  the  Speeton-Clay  fosiiils. 

C.  On  tlio  economic  products  of  the  Speeton  Clay. 

I.  Intboduction. 

In  the  attempt  to  study  the  Neocomian  formation  as  developed 
in  thif)  country,  my  attention  has  been  directed  for  some  yean  pasi 
to  the  series  of  beds  in  Yorkshire  which  since  1829  has  been  known  ai 
*'  the  Si)eeton  Clay."  I  have  found  that,  although  a  Tory  great  yarietji 
of  opinions  had  been  expressed  concerning  the  age  of  this  formatioD, 
but  little  had  becii  done  towards  working  out  in  detail  the  true 
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succession  of  the  beds  which  compose  it ;  and,  as  this  part  of  the 
Yorkshire  coast- section  is  greatly  complicated  by  faults  and  contor- 
tions, and  much  obscured  by  landslips  and  drift,  I  soon  became  con- 
vinced that  it  was  only  by  such  detailed  and  systematic  examination 
that  satisfactory  conclusions  weix)  to  be  arrived  at.  The  fact  that 
the  mining  operations  now  puraued  on  an  extensive  scale  at  these 
cliffs  are  rendering  this  unique  section  every  year  more  and  more 
obscure  acted  as  a  further  incentive  ;  and  I  accordingly  determined 
on  the  execution  of  the  following  tasks : — 

1.  A  careful  survey  of  the  Speeton  Cliffs,  and  the  construction  of 
a  map  and  section  upon  a  very  large  scale,  showing  the  various 
landslips  &c.,  with  a  view  to  arriving  at  the  true  succession  of  the  beds. 
The  necessary  basis  for  this  work  was  opportunely  furnished  by  the 
publication  in  1862  of  the  beautiful  6 -inch  Ordnance  Map  of  this 
part  of  the  Yorkshire  coast. 

2.  The  collection  of  the  fossils  and  drawing  up  accurate  lists  of 
the  contents  of  the  several  beds.  The  incompleteness  of  the  various 
collections  of  Speeton  fossils,  the  absence  of  notes  on  the  specimens 
in  those  collections,  indicating  from  what  portion  of  the  section  they 
•were  obtained,  and  the  large  admixture  of  species  not  belonging  to 

the  deposit  at  all  rendered  this  task  indispensable. 

3.  The  critical  examination  of  the  undoubted  Speeton  fossils,  and 
a  comparison  of  them  with  the  figures  and  descriptions  contained  in 
the  works  of  continental  palaeontologists,  and,  where  possible,  with 
authentic  foreign  specimens.  The  possession  by  the  British  Museum 
of  an  extensive  series  of  foreign  Neocomian  fossils,  from  the  collec- 
tion of  MM.  Astier,  Paul  Mohr,  and  others,  greatly  facilitated  this 
part  of  my  undertaking. 

II.   BiBLIOOBAPHY  OF  THE  SuBJECT. 

The  earliest  notice  of  the  Speeton  Clay  with  which  I  am  acquainted 
is  that  of  Young  and  Bird*,  who  in  1822  gave  a  very  careful  and 
exact  account  of  the  physical  character  of  these  beds,  with  figures 
and  descriptions  of  a  few  of  the  fossils.  They  ^called  these  strata 
**  the  Upper  Shale,"  but  made  no  serious  attempt  at  their  corre- 
lation. 

In  1826t  Professor  Sedgwick  gave  a  detailed  description  of  the 
Speeton  section  (from  observations  made  in  1821),  and  referred  the 
clays  to  the  Elimmeridge,  noticing,  however,  the  peculiarity  in  the 
fauna  of  their  upper  portion. 

In  Phillips's  *  Geology  of  Yorkshire' J  the  beds  are  described  under 
the  name  of  the  Speeton  Clay,  a  considerable  number  of  the  fossils 
are  figured,  and  the  striking  distinction  between  those  from  the 
upper  and  lower  part  respectively  clearly  pointed  out ;  the  former 
were  assigned  to  the  Gault,  the  latter  to  the  Kimmeridge  Clay. 

*  Survey  of  Yorkshire  Coast,  let  ed.  (1822),  2nd  ed.  (1828). 

t  '*  On  the  cla-stdfication  of  the  strata  which  appear  on  the  Yurktihire  Coast,'* 
Ann.  of  Philosophy,  vol.  xi.  (1826)  p.  33U. 

♦  1st  ed.  (182V))  p.  76. 
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At  a  meeting  of  the  Geological  Society  of  France,  April  16, 1838*, 
M.  Agassiz,  whose  long  and  very  intimate  acquaintance  with  the 
typical  NeoGomian  fauna  makes  lus  testimony  particularly  valuable, 
stated  that  an  examination  of  the  Speeton  fossils  in  the  York 
Museum  had  convinced  him  that  the  beds  were  of  Neooomian  age. 

In  1840 1  M.  Komer,  in  describing  the  Hilsthon  and  Hilscon- 
glomerat  of  North-western  Germany,  pomted  out  very  clearly  their 
parallelism  with  the  Speeton  Clay  on  the  one  hand,  and  the  Swiss 
Neooomian  limestone  on  the  other. 

In  1843:^  Mr.  Godwin- Austen  gave  expression  to  a  very  strong 
opinion  in  favour  of  the  Neooomian  age  of  the  Speeton  Clay. 

Professor  Edward  Forbes,  who  had  the  opportunity  of  examining  a 
large  collection  of  Speeton  fossils  in  the  possession  of  the  late  Mar- 
chioness of  Hastiugs,  appears  to  have  arrived  at  the  same  conclu8ion§. 

Almost  at  the  same  time  Dr.  Fitton  published  his  views  of  the 
Speeton  Clay,  which  entirely  coincided  with  those  of  Mr.  Godwin- 
Austen  and  Professor  Forbes  II . 

M.  Alcide  D'Orbigny^,  in  his  various  works,  placed  the  Speeton 
fossils,  somewhat  arbitrarily,  with  those  of  the  Lower  Greonsand  in 
his  EtageAptien  (Upper  Neooomian).  He  was,  however,  compelled 
to  admit  some  of  the  species  to  be  those  of  the  ]x>wer  Neooomian. 

In  1851**  M.  d'Archiac,  after  carefully  balancing  the  various  evi- 
dence on  the  subject,  assigned  the  upper  part  of  the  Speeton  Clay  to 
the  Neooomian  formation. 

Mr.  John  Leckenby  in  ISoQff  gave  a  description  of  the  Speeton 
Clay,  in  which  we  find  the  earliest  attempt  at  a  classification  of  the 
beds  which  compose  it,  Avitha  discrimination  of  the  fossils  belonging 
to  each.  A  short  notice  of  the  strata  of  Filey  Bay,  contributed  by 
the  same  author  to  a  local  guide-book  itl^*  contains  the  most  complete 
list  of  Speeton  fossils  hitherto  published.  Lastly,  in  a  note  supplied 
to  and  publL»hed  by  Dr.  Wright §§,  Mr.  Leckenby  pointed  out  two 
most  important  facts,  namely,  the  existence  of  a  band  of  phosphatic 
nodules  at  the  junction  of  the  Cretaceous  and  Jurassic  portions  of 
the  Speeton  Clay,  and  the  existence  in  the  latter  of  a  Portlandian 
fauna.  In  his  various  papers  Mr.  Leckenby  has  added  the  weight 
of  his  valuable  opinion  in  favour  of  the  Neocomian  age  of  the 
upper  portion  of  the  Speeton  Clay. 

III.  GsmsRAL  Descriptiok  of  thb  Coast-seotiok  at  SPVEIOir. 

Immediately  to  the  north  of  the  bold  range  of  chalk  cliffs  iormixig 
Flamborough  Head,  and  separated  from  it  by  a  deep  ravine  called 

*  Bull.  Soo.  G6ol.  Fr.  !>«  S6r.  tome  ix.  p.  262  (1838). 
t  Vent,  nordd.  KreicL    See  alio  Letter  to  Br.  Fitton  in  Proo.  GeoL  Boo. 
ToL  iii.  p.  323. 

t  Proo.  G^l.  Soo.  Tol.  IT.  p.  196. 

I  Quart.  Joum.  Geol.  Soc.  toI.  i.  (1845)  p.  76. 
Ibid.  p.  186,  note. 
Cours  ^mentaire,  dsc.  tome  iL  2.  p.  606;  Prodrome,  pp.  112-121. 
**  Hut.  dee  Prog,  de  la  (Ho\.  toI.  it.  p.  61. 

ft  Gcologiit.  1859,  p.  9.  U  Cortis*s  Guide  to  Filey. 

{§  Men.  of  Brit  Foe.  Orel.  Schin.  (Pal.  Soc.)  p.  9  (1864). 
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**  Speeton  Gap,"  we  find  a  lower  range  of  cliffs  of  day  much  tumbled 
and  broken,  and  sending  out  long  promontories  or  spurs,  which  reach 
the  high-water  mark.  This  clay  cliff-range  extends  in  length  about 
1000  yards,  and  varies  in  height  from  150  to  220  feet.  It  is 
divided  by  projecting  spurs  into  three  well-marked  portions,  which 
are  known  by  the  names*  of  Black  Cliff,  Middle  Cliff,  and  New 
Closes  Cliff.  The  southern  portion  of  the  range  is  almost  free  from 
drift ;  but  in  going  northwards  beds  of  Boulder-clay  and  contorted 
drift  are  found  to  descend  and  occupy  more  and  more  of  its  face, 
until,  at  the  northern  extremity  of  the  New  Closes  Cliff,  they  reach 
the  level  of  the  sea.  North  of  this  point  the  cliffs  of  Filey  Bay  are 
almost  entirely  composed  of  drift ;  and  it  is  only  at  a  few  spots  that, 
by  the  aid  of  landslips  in  the  cliffs,  by  scars  exposed  at  low- water, 
or  by  the  occasional  scouring  of  the  beach  duriug  heavy  storms, 
the  subjacent  rocks  are  exposed.  At  Filey  Brigg  the  lowest  beds  of 
the  Coral  Bag  and  those  of  the  Lower  Calcareous  Grit  rise  above  the 
level  of  the  sea,  and  are  seen  beueath  the  Boulder-clay. 

The  beds  of  the  Speeton  Clay  are  quite  unconformable  with  thoeo 
of  the  Chalk  and  Hunstanton  limestone  which  lie  upon  them« 
While  the  latter  strata  have  but  a  very  slight  dip  (amounting,  ac- 
cording to  Young  and  Birdf,  only  to  about  100  feet  per  mile,  or  even 
less),  the  clays,  as  seen  in  the  cliff,  have  an  apparent  dip  of  about 
7^;  the  true  dip,  however,  does  not  coincide  with  that  of  the 
section,  its  real  direction  being  S.W.,  and  its  amount  10°.  The 
strata  at  this  part  of  the  Yorkshire  coast  exhibit  signs  of  great  dis- 
turbance :  while  in  some  places  they  lie  very  evenly,  in  others  they 
are  thrown  into  great  undulations.  Professor  Sedgwick  t,  in  1826, 
called  attention  to  the  fact  that  the  beds  of  chalk  as  seen  in  the  cliff 
between  Speeton  Gap  and  Flamborough  Head  are  violently  contorted ; 
and  a  similar  phenomenon  is  exhibited  in  the  Hunmanby  cutting  of 
the  Hull  and  Scarborough  Bailway.  The  clay  beds  of  the  New 
Closes  Cliff  are  likewise  contorted  ;  at  the  time  of  the  publication  of 
*  The  Geology  of  Yorkshire '  these  contortions  were  manifest  to  a 
spectator  looking  at  the  cliff ;  and  Professor  Phillips  has  given  a 
diagram  §  of  them  drawn  to  scale,  which  diagram  is  rendered  of 
greater  value  by  the  fact  that  the  mining  operations  for  procuring 
phosphatic  nodules  have  now  entirely  concealed  the  face  of  this  part 
of  the  diff.  Any  one,  however,  who  will  take  the  trouble  to  go 
through  the  workings  may  easily  satisfy  himself  concerning  the 
highly  disturbed  positions  of  the  beds  in  this  place.  I  shall  show  in 
the  sequel  that  these  undulations  of  the  strata  extend  for  at  leaat  a 
mile  north  of  this  spot.  Lastly,  the  beds  of  Coralline  Oolite  which 
form  Filey  Brigg  exhibit  similar,  though  less  violent,  contortions. 

.Professor  Sedgwick  describes  ||  dkfavU  as  occurring  at  the  junction 

*  To  obriate  the  difficulty  ari^ng  from  the  usual  confusion  in  local  nomen- 
clature, I  bare  throughout  the  present  paper  used  the  names  printed  on  the  six- 
inch  Ordnance  map  of  this  district. 

t  Surrey  of  Yorkshire  Coast,  p.  61  (2nd  ed.,  1828). 

:  Annals  of  Philosophy,  toI.  xi.  (1826)  p.  342. 

§  Gfeology  of  Yorkshire,  pi.  8.  Il  Ann.  of  Phil.  vol.  xi.  (1826)  p.  343. 
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of  the  chalk  and  clay,  while  no  such  fault  is  represented  in  Professor 
Phillips's  section  of  this  part  of  the  coast*.  I  regret  that,  owing  to 
the  great  landslips  at  this  spot,  I  found  it  impossihle  to  arrive  at  a 
result  which  I  could  consider  absolutely  conclusive  on  this  subject ; 
I  am,  however,  very  strongly  of  the  opinion,  arrived  at  from  an  ex- 
amination of  the  beds  along  the  sides  of  Speeton  Gap,  that  such  a 
fault  does  exist,  and  that  it  is  a  downthrow  towards  the  south,  by 
which  the  Chalk  beds  are  brought  to  a  relatively  lower  level  than 
those  of  the  Speeton  Clay.  The  direction  of  this  fault  appears  to 
coincide  almost  exactly  with  that  of  the  Speeton  Gap,  and  it  probably 
extends  for  some  distance  inland :  its  amount  would  appear  to  be 
very  considerable ;  but  I  am  unable  to  give  even  an  approximate 
estimate  of  it. 

The  difficulty  of  reading  the  Speeton  section  is  increased  by  the 
numerous  landslips  which  occur  along  its  course ;  of  these  it  is 
necessary  to  take  account  before  attempting  to  arrive  at  the  true 
succession  of  beds.  Besides  a  great  number  of  smaller  masses  of  the 
drift  and  higher  portions  of  the  clay  which  have  descended  from 
their  proper  position  and  now  occupy  various  levels  down  to  that  of 
high-water  mark,  there  are  three  landslips  which  have  produced  very 
greiit  and  striking  alterations  in  the  features  of  the  section.  SouUi 
of  Speeton  Gap  the  junction  of  the  chalk  and  clay  is  altogether  con- 
cealed, owing  to  tlie  fact  that  great  masses  of  the  former  have  slipped 
over  the  latter,  and  now  form  an  undercliff  which  extends  for  more 
than  half  a  mile  in  length,  and  rises  to  a  height  of  upwards  of  100 
feet.  In  Black  Cliff  another  landslip  has  oc<jurred,  by  which  a 
mass  consisting  of  tho  highest  beds  of  Speeton  Clay,  capped  by  red 
and  whito  chalk  rubble,  has  descended  150  feet  below  its  true  level, 
and  now  occupies  the  base  of  tho  cliff  for  a  length  of  150  yards. 
Lastly,  a  similar,  though  smaller,  slip  has  taken  place  in  the  southern 
part  of  New  Closes  Cliff,  by  which  the  highest  beds  at  that  part  of 
the  cliff  arc  brought  down  to  within  50  feet  of  tho  sea-level. 

The  thickness  of  the  mass  of  clays  composing  the  cliff  I  have 
been  describing  is  about  500  feet,  that  of  the  beds  below,  which 
are  so  very  partially  exposed,  cannot  be  estimated ;  but,  considering 
tho  breadth  of  their  outcrop,  it  must  be  very  great.  I  shall  now 
])rocced  to  show  that  this  great  mass  of  clays  is  by  no  means  uni- 
form, either  in  lithological  or  palsBontological  characters,  but  that, 
on  the  contrary,  it  exhibits  a  number  of  well-marked  subdivisions. 
At  least  seven  such  di\asions,  each  distinguished  by  a  clearly  defined 
fauna,  occur  in  this  thick  series  of  days,  some  of  which  can  be  cor- 
related with  other  British  deposits  already  well  known,  while  othors 
are  of  higher  interest  as  presenting  us  with  representatiYes  of  for- 
mations not  hitherto  recognized  in  this  country.  The  three  upper 
of  these  divisions  belong  to  the  Neocomian  System,  the  four  lower  to 
the  Jurassic. 

Thus  it  will  appear  that  the  Speeton  Clay,  far  from  being  a  single 
insignificant  bed,  is  a  formation  at  least  equal  in  thicJmeas,  and,  I 

*  Geology  of  Yorkshire,  pi.  3. 
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believe,  taking  into  consideration  the  number  of  faunas  which  it  re- ' 
presents,  in  importance  also,  to  the  English  lias. 

IV.  Is  THE  Speeton  Clay  the  EauivALEirr  of  the  Gault? 

Before  entering  upon  the  detailed  description  of  the  various  strata 
composing  the  Speeton  Clay,  which  is  the  principid  object  of  this 
paper,  I  propose  to  reexamine  the  evidence  on  which  some  of  them 
been  referred  to  the  age  of  the  Gault. 

The  recognition  of  the  important  fact  that  the  faima  of  the  upper 
part  of  this  formation  had  Cretaceous  rather  than  Oolitic  afiiiiitieB 
is  due  to  Professor  John  Phillips,  and  is  a  great  step  in  advance  of 
any  previous  attempt  at  the  correlation  of  these  beds.  When  we 
consider  the  crude  condition  of  the  sciences  of  Geology  and  Palaeon- 
tology at  the  date  of  the  pubHeation  of  *  The  Geology  of  Yorkshire,' 
we  shall  be  struck  in  this,  as  in  so  many  other  instances  in  the  same 
remarkable  work,  with  the  success  of  its  bold  generalizations ;  and, 
remembering  that  the  very  existence  of  the  typical  Neocomian  fauna 
was  not  pointed  out  by  Ml^.  Montmollin*  and  Thurmannt  until 
six  years  later,  we  shall  be  satisfied  that  any  nearer  approximation 
to  the  determination  of  the  real  age  of  the  Speeton  Clay  was  at  that 
time  impossible.  Unfortunately  the  reference  of  this  formation  to 
the  Gault,  which  was  at  the  first  little  more  than  a  suggestion  on  the 
part  of  the  author,  and  which  has  ever  since  been  regarded  by  him 
as  doubtfid,  has  been  too  frequently  treated  by  others  as  if  conclu- 
sively established. 

Besides  the  direct  palseontological  evidence  on  this  subject,  there 
is  an  a  priori  argument,  deducible  from  the  stratigraphical  relations 
of  the  beds,  which  I  think  is  entitled  to  considerable  weight.  The 
Hunstanton  limestone  (Red  Chalk)  has  now  yielded  an  abundant  and 
well-marked  series  of  fossils,  which  enables  us  to  refer  it  to  its 
true  position  in  the  geological  scale.  Now  I  am  but  expressing 
the  conviction  of  all  palsBontologists  who  have  examined  the 
subject  of  late  years  when  I  say  that  this  bed  cannot  be  of  later 
age  than  the  Upper  Greensand,  and  may  be  of  as  early  age  as  the 
Gault  But  between  this  bed  and  the  Speeton  Clay  we  have, 
as  Professor  Phillips  himself  has  so  well  shownt,  an  enormous 
unconformity,  certainly  one  of  the  greatest  and  most  striking  which 
occurs  in  this  country.  On  the  supposition  that  the  Speeton  Clay  or 
any  part  of  it  is  of  the  age  of  the  Gault,  we  are  driven  to  the  con- 
clusion that  this  remarkable  unconformity  exists  either  between  the 
Upper  Greensand  and  the  Gault,  or  in  the  midst  of  the  Gault  itself 
— a  conclusion,  I  need  hardly  say,  not  only  altogether  at  variance 
with  what  we  know  of  the  stratigraphical  relations  of  these  beds, 
both  in  this  and  other  countries,  but  also  directly  opposed  to  what 
we  might  expect  from  a  comparison  of  their  faunas ;  for,  as  has 

*  **  M6moire  sur  le  terrain  cr^tao^  du  Jura,"  H^m.  de  la  Soo.  des  So.  Nat. 
de  Neuch4te1,  toI.  i.  p.  49  (1836). 

t  Bull,  de  la  See.  G^l.  de  France,  vol.  ix.  p.  46  (1837). 

^  Vide  Map  of  YorkRhire  ;  also  '  Geology  of  Yorkshire '  and  Quart.  Joum. 
Geol.  Soc.  Tol.  xiv.  p.  8i  (section). 
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been  so  amply  shown  by  Professor  Bamsay*,  a  great  unconformity 
between  two  series  of  beds  is  always  accompanied  by  a  striking  dis- 
crepancy between  their  fossil  contents.  Such  a  discrepancy,  how- 
ever, is  not  found  between  the  faunas  of  the  Upper  Greensand  and 
Gault,  but  is  well  known  to  exist  between  those  of  the  last-men- 
tioned formation  and  the  Neocomian. 

Now  let  us  turn  to  the  direct  palseontological  evidence  for  refer- 
ring the  Speeton  Clay  to  the  age  of  the  Gault.  Professor  Philli})s 
gives  the  following  list  of  fossilsf  as  common  to  the  two  formations : — 


Ammonites  planus  ?  Mant. 
Haniites  intermedius  ?  Sow. 

rotundiis,  Sow. 

attenuatus,  Mant, 

•  altematus,  Mant. 

plicatilis,  Mant. 


Rostellaria  oompoata,  Sow. 
Nucula  oTata,  Mant, 
Pholadomya  decussata,  Mant, 
Yermicularia  Sowerbyi,  Mant. 
Spatane:us  argiUaoeus,  Phill, 
Caryopnyllia  comuluB,  PkiU, 


Belemnitea  minimus,  List, 

The  specimens  referred  to  Am,  planus,  Mant.  (which  is  only  one 
of  the  numerous  varieties  of  A.  splendens\  have  now  been  long 
recognized  as  certainly  not  referable  to  the  Gault  species,  but  as 
belonging  to  a  well-known  Neocomian  form,  \^e  Ammonites  Nistu  oi 
D'Orbigny.     (  Vide  Morris's  Catalogue  and  D'Orbignjr's  Prodrome.) 

The  various  species  figured  by  Young  and  Bird,  Phillips  and  Bomer, 
as  Hamites  (generally  from  very  small  fragments  only)  I  shall  show 
in  the  sequel  to  be  really  referable  to  the  genus  Ancyhceras,  and 
usually  to  well-known  Neocomian  species  and  varieties  of  that  genus. 
(  Vide  Appendix  B.) 

Belemnites  minimus^  I  believe,  really  occurs  in  the  Speeton  Clay, 
but  rarely,  while  in  the  Gault  and  Hunstanton  limestone  its  pro- 
digious abundance  is  most  striking. 

Rostellaria  composita  is  probably  a  misprint  for  JB.  ParJcinsoni, 
under  which  name,  as  Professor  Forbes  has  shown,  a  number  of 
species,  both  Gault  and  Neocomian,  have  been  confounded^:. 

Nucula  ovata, — Professor  Phillips's  type  specimens  of  this  species 
are  both  young  shells.  I  have  had  the  opportunity  of  examining  a 
number  of  specimens  of  all  ages,  and  believe  that  they  are  referable 
to  N.  planata,  Desh.,  which  is  probably  only  a  variety  of  N,  ohtusa, 
Sow. 

Pholadomya  decussata.  —  The  type  specimen  is  so  crushed  and 
distorted  that  it  is  impossible  to  form  any  certain  judgment  as  to 
its  affinities.  There  is  but  little  resemblance  between  it  and  Man- 
tell's  species  from  the  Chalk-marl ;  and  I  believe  it  to  be  the  Phola^ 
domya  Martini,  Forbes,  a  shell  which  is  certainly  not  uncommon  in  the 
Speeton  Clay. 

Vermiailaria  Sowerhyi. — It  is  difficult  to  form  a  judgment  on  the 
agreement  of  the  species  so  abundant  in  the  Speeton  Clay  with  that 
figured  by  Mantell  from  the  Chalk-marl,  on  account  of  the  im- 
perfect character  of  the   drawing   in   'The   Geology  of  Sussex.' 

*  Annireraarr  Addressm  to  the  Geoloffioal  Sooietv.  1863.  1864. 
t  Geology  of  Yorkshire,  2nd  ed.  (1835)  p.  350. 

*  Quart.  Joum.  Qeo\,  See.  vol.  i.  (1845)  p.  350. 
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Not  the  slightest  doubt,  howeyer,  can  exist  aa  to  its  identity  with 
the  species  occurring  in  the  Hilsthon,  and  figured  by  lidmer  under 
the  name  of  Serpxda  Phillipsii,  (  Vide  Bom.  Yerst.  nordd.  Elreide. 
p.  102,  t.  16.  f.  1.     Mor.  Cat.  2nd  ed.  p.  94.) 

Spatangus  argiUac^us,  PhilL,  is,  on  the  authority  of  Agaasiz  him- 
self, only  a  synonym  of  Toxaster  complanatus,  Ag.,  which  is  probably 
the  most  abundant  and  characteristic  of  all  the  Lower  Neocomian 
fossils.     (  Vide  Appendix  B.) 

CaryophyUxa  conulus,  Phil. — I  have  long  doubted  the  identity  of 
the  minute  Yorkshire  coral  with  the  large  and  well-marked  species 
from  the  Gault,  figured  and  described  by  Milne-Edwards  and  Haime. 
Mr.  Dallas,  who  kindly  made  a  comparison  for  me,  found  it  impos- 
sible to  come  to  any  certain  conclusion  on  the  subject,  owing  to  the 
imperfect  state  of  preservation  of  the  type  specimens. 

On  the  other  hand^  I  shall  show  that  in  the  highest  division  of 
the  Speeton  Clay  a  great  number  of  species  occur  which  are  emi- 
nently characteristic  of  the  Lower  Greensand  and  Atherfield  Clay,  as 
Pema  Mulletii,  Desh.,  Ammonites  Deshayesii,  Leym.,  BelemniU$ 
$emxcanaliculat\M  (Blain.  ?),  Nautilus  plicatus.  Sow.,  and  N,  radi^ 
atuSy  Sow.,  Exogyra  sinuata,  Sow.,  Thetis  Sowerbii,  Bom.,  Panopcea 
plicata.  Sow.,  Panopcea  Neocomiensis,  Desh.,  Terehratrda  sella^  Sow.» 
and  many  others. 

It  may  perhaps  be  argued  that  possibly  a  representative  of  the 
Gault  may  really  exist  at  the  top  of  the  Speeton  Clay,  though  hidden 
by  the  unconformable  overlap  of  the  Hunstanton  limestone;  but, 
for  reasons  already  given,  I  consider  this  highly  improbable,  and 
believe  the  Gault,  if  not  represented  by  the  Bed  Chalk,  to  be  alto- 
gether absent  from  the  Yorkshire  coast. 

V.   Classification   of  the  Beds  cokstitvtiko  the  Speeton  Clat. 

A.  Upper  Neocomian, — Of  course,  owing  to  the  overlap  of  the 
Cretaceous  beds,  the  section  of  the  Speeton  Clay  is  incomplete  in  its 
upper  part ;  and  further,  as  I  have  already  stated,  the  tnie  junction 
of  the  Hunstanton  limestone  with  the  clays  is  always  concealed  by 
landslips. 

The  highest  bed  of  the  series  which  is  visible  at  Speeton  consists 
of  black  clays  containing  small  and  beautifully  crystallized  nodules 
of  pyrites,  which'  appear  to  be  always  aggregated  in  nests  or  irre- 
gular layers.  This  bed  is  nearly  destitute  of  organic  remains,  the 
only  fossils  which  I  have  been  able  to  detect  in  it  np  to  the  present 
time  being  small  Belemnites,  which  are  always  in  a  iragmentary 
condition.  This  black  clay  is  seen  at  several  points  along  the  base 
of  the  undercliff  of  white  chalk,  as  well  as  in  Speeton  Gap ;  it  also 
makes  its  appearance  in  the  upper  part  of  Black  Cliff,  where  it  is 
covered  by  a  bed  of  red  chalk  rubble  (which  is  probably  not  far  from 
its  original  position) ;  and,  lastly,  it  is  seen  in  the  landslip  at  the 
base  of  the  same  cliff. 

Below  these  almost  unfossiliferous  black  clays  we  find  others  of 
a  dark-blue  colour,  in  which  fossils  occur,  but  arei  by  no  means  nu- 
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meros,  and  are  of  but  few  species.  These  clays  are  about  50  feet 
thick,  and  contain  a  few  scattered  septaria,  of  small  size,  composed 
of  argillaceous  ironstone  of  a  pale-brown  colour,  and  having  extremely 
thin  septa  composed  of  crystallized  pyiites.  The  small  number  of 
species  of  fossils  occurring  in  this  bed  are  all  common-  to  it  and  the 
bed  below.     They  are  as  follows : — 

V*  Belemnites  semicanal iculatus  c,  Vermioularia  PhillijMii,  Rom.  sp. 

{Bl(ii».?).  r.  Alalia  (?),  BD. 

c.  BelcmniteH  minimus,  List.  r.  Rhynchonella  sulcata,  Park. 

The  base  of  the  highest  division  of  the  Speeton  Clay  is  funned 
bv  the  well-marked  band  known  to  the  workmen  as  the  **  Cement- 
bed."  It  consists  of  a  very  light-blue  clay,  of  great  tenacity,  and 
containing  regular  layers  of  large  septaria.  These  septaria  are  com- 
posed of  argillaceous  limestone,  of  a  very  pale,  almost  white  colour, 
with  thick  septa  of  calcspar.  The  contrast  between  this  light- 
coloured  band  and  the  darker  beds  above  and  below  it  is  very  striking. 
The  Cement-bed  is  well  seen  in  the  cliff,  and  can  be  easily  trac^ 
by  the  old  workings  from  Speeton  Gap,  where  its  base  is  between 
20  and  30  feet  above  high- water  mark,  to  the  place  of  its  outcrop 
near  the  northern  extremity  of  Black  CliflF.  It  is  also  well  seen  in 
the  landslip  at  the  base  of  the  same  cliff.  Both  the  septaria  and  the 
clay  of  the  Cement-bed  are  of  considerable  conmiercial  value.  (  Vide 
Appendix  C.) 

This  bed  is  crowded  with  fossils,  which  occur  either  mineralized 
by  pyrites  and  scattered  through  the  clay,  or  enclosed  in  and  re- 
placed by  the  substance  of  the  septaria.  Some  of  the  fossils  attain 
a  great  size,  as  the  largo  and  nearly  smooth  species  of  Ammonites 
(undescribed),  and  the  so-called  Uamites  maximus  (probably  an 
Atirffloct^ras) ;  on  one  occasion  I  had  an  opportunity  of  seeing  an 
Ammonite  (probably  of  a  new  species),  imbedded  in  the  soft  clay 
and  incapable  of  removal,  which  measured  three  feet  in  diameter. 

The  total  thickness  of  the  highest  division  of  the  Speeton  Clay  is 
certainly  considerably  above  100  feet.  Its  fauna,  as  will  be  seen 
from  the  subjoined  list,  is  most  unmistakeably  that  of  the  Lower 
Greensand  and  Atherfield  Clay  of  the  south  of  England. 

Fossils  of  the  Upper  Neocomian  of  Speeton, 

r.  PlesiosnuniB  (yertt^bra;  and  paddle- 

boneH). 
R.  Teleosiiunis  (skull). 

c.  Toeth  of  liamna. 

c.  Vertebra;  and  other  remains    of 

fiHhes. 
R.  Obscure  crustacean  remains. 

?  Mcyeria  Vectensis. 
R.  Plate  of  Cirri  pcde. 
R.  Nautilus  pseudo-elegims.  If  Orb, 

r. ntdiatus,  Smp. 

r. plieatus,  iSoip. 

ft  Throughout  this  pa\ysr  the  letters  affixed  to  the  tpeciei  indicate  tiieir  rela- 
tire  abundance  in  the  bed :  c  signifying  comiHon,  C  very  common^  r  tomettktit 
rtirr,  and  R  ».v r//  rare. 


C.  Belemnites     semicanalicidatus 
(Blain.?).  ' 

c. minimus  ?,  List. 

c. ultimas  ?,  1/  Orb. 

C.  Ammonites  Deshayesii,  Lej^, 

R. ,var.  currinodus,  PkiL 

c. Nisua,  irOrb. 

c, nucleus,  PkiL 

c. marffinatus,  PhU. 

r, rotiua,  Sow. 

C. (spec.  noT?). 

R. spec  nov. 
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K.  Ammonite*,  ipeo,  hot. 

c.  Ancjlooeraa  grancU»,  Forbtt,  «p. 
'■ .  spec. 


RottfllHru  PuliniAni.  I'Ail.  (non 


r  ui^jor,  Zrfym. 


i\  -11 


Tun-il^tla  liCTTgata,  I^ipa. 
SoUriuiD  (?)  tabiiUtuiii,  Phil. 
Trodiiis  (?)  pulchemmiu,  Phil.  »p. 

(?)  grani'lBtiw.  Btan.  MS. 

PleimjIonisriB  provincial  is.  If  Ori. 
»p. 

Aurio^  (>)  obM>l«t*,  PItU. 

iielphiDiilM?  (I'hil.). 

EmarginulaNmcomienBis,  I/Orb. 

Denlolimiiclliptifum?  8.xo.(nMt). 

Ostree  Loynieriei,  D'fMi. 

— —  froTiB.  Park. 

Eiogjra   dnuBls,    Sow.    (norm*] 

^~-  pomila,  £ry)n, 
--— .  »p. 

PWanopsis,  >p. 
PpRten  eloQgulii!!,  Lom. 

cinotiu,  SotB.  (dwarTod  tar.)' 

rtrialv-punclKtiw,  ff'*l. 


Plicatuln  pliwunea,  Lam.,' 
ATipul»,«peo.  nov. 
GerrilliaaniMiM?,  Drth. 


imbriratiia 
PiOD*  p«flili«.  : 
Cuculb™  ■ooii™ 
N.i(njlaobtu»i.  . 

,  T«r.  plinstH,  DrU. 

(Lfda?)  subrwurva,  PW.  (N. 

N>pha,  D  Orb.). 
Corbi*,  (p. 
AMtarte  Icrb,  PM. 

IfitiMMita,  i)«al. 

IwMxrdin  Kngulats,  Phit. 
(n  »p. 

'  Tngonia  Bpinom,  Park. 
Mj*(fjph«ealm>.  PAil. 
Thetia  Sowerbji.  Rom.,fw. 
Sow. 

,  m.  mqor,  Sou 

P*nopM  plirats,  ^w. 
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C.  Panopfea  Neocomionais,  Desk. 
C  Thracia  Phillipsii,  ROm.^  var. 
f.  Pholadomja  Martini,  Forbes, 
e.  Pholadoraya,  sp. 

r. ,  sp. 

<?.  Pholas  constricta,  Phil. 

r.  Teredo,  sp. 

e.  Serpula  articulata,  Sow. 

c. fililbrrals  Sow. 

r. antiqiiata,  Sow. 

C.  Vermiculapia  PhillipHii,  Rom.  sp. 
R. (reversed  variety  i. 


R.  Terebratulina  ftriata,  Wakl.  (var. 

pentagoD&lis,  Phil.), 
r.  Rbynohonella  sulcata,  Park. 

R. lineolata,  PhU.  sp. 

R. ,  spec.  noT.  ? 

R.  Discina,  spec.  nor. 

r.  Lingula  tnincata,  Sow. 

c,  Cidaris,  sp. 

c.  Pseudodiadema,  sp. 

c.  Pentaorinus  angulatus,  Btvi. 

r.  Trochocjathus  oonulus  ?,  Phil. 

r.  Sponges. 

C.Wood. 


c.  Terebratula  sella,  Si/in. 
r. dopressa  ?,  Lam. 

Ever}'  one  who  compares  the  foregoing  list  of  fossils  with  thoM 
of  the  Lower  Greensand  and  its  equivalents  must  be  struck  with  their 
general  agreement,  especially  with  regard  to  those  species  which  are 
most  highly  characteristic,  and  have  the  widest  geographical  range. 
The  difference  of  the  conditions  under  which  the  two  series  were 
deposited  and  the  distance  of  their  localities  will  be  amply  sufficient 
to  account  for  the  differences  between  their  fossil  contents.  Pro- 
fessor Edward  Forbes  has  furnished  us*  with  an  elaborate  analysis 
and  comparison  of  the  fossils  of  the  different  beds  of  the  Lower  Green- 
sand,  and  has  demonstrated  that  the  whole  series  contains  but  one 
fauna,  by  showing  that  whenever  the  same  physical  conditions  are 
repeated,  the  same  species  of  fossils  recur.  It  is  this  fauna  which 
we  find  in  the  highest  division  of  the  Speeton  Clay ;  and  as  the  bedA 
of  clay  which  lie  at  the  base  of  the  Lower  Greensand  most  nearly 
resemble  in  lithological  character  the  beds  we  are  describing,  it 
is  of  course  in  these  (the  Atherfield  Clay)  that  we  must  look  for 
the  closest  analogies  with  the  fossils  of  the  Yorkshire  beds. 

The  relations  of  the  Lower  Greensand  to  various  foreign  deposits 
have  been  so  fully  and  ably  worked  out  by  Dr.  Fitton,  Professor 
Forbes,  and  Mr.  Godwin -Austen  in  this  country,  and  by  MM. 
Homer,  D'(  )rbigny,  and  D' Archiac  and  others  on  the  continent,  that 
it  will  be  quite  unnecessary  for  me  to  enter  upon  the  subject.  It 
may,  however,  be  well  to  point  out  that  this  highest  division  of  the 
Speeton  Clay  appears  to  be  altogether  unrepresented  in  the  HiUfhon 
and  Hihconglomerat  of  Romer,  which  are,  as  we  shall  hereafter  show, 
by  far  the  nearest  continental  equivalents  of  the  second  and  third 
divisions  of  the  Yorkshire  deposit. 

The  name  of  "  Etaye  Aptien,'*  which  was  proposed  by  D'Orbig^ny 
for  beds  of  this  age,  has  been  generally  discarded  by  continental 
geologists  in  favour  of  the  term  "  Upper  Neocomian,"  which  is  cer- 
tainly preferable ;  for  1  am  convinced  that  the  time  is  rapidly  ap- 
proaching when  geologists  will  allow  the  claims  of  the  Ttst  aerieft 
of  be<ls  l^tweeii  the  Gault  and  Portlandian  to  rank,  not  merely  as  a 
subordinate  member  of  the  Cretaceous,  but  as  a  third  Meeoioic  Sfft- 
tern  intermediate  between  the  Cretaceous  and  Jurassic.  In  order  to 
avoid  the  glaring  solecism  involved  in  calling  beds  of  hlue  clay 
*<  Lower  Greensand,"  I  have  used  the  continental  term. 

*  Quart.  Joum.  Geol.  Soe.  vol.  i.  (IMi)  p.  IMfte. 
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Fig.  4. —  VertUal  Seetioa,  Mou'in;  the  ivhdivuioiu  of  Ae  Spttton  Clay. 
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R.  Belemnites     seinicanaliculatus?, 
Blain  v. 

R.  jaculum,  Phif. 

R.  ,  ep. 


B.  Middle  Neocomtan. — The  second  division  of  the  Speeton  Clay 
is  seen  lying  immediately  below  the  **  Cement-beds,"  in  the  northern 
part  of  Black  CliiF  and  the  southern  part  of  Middle  Cliff.  On  the 
spur  between  these  two  cliffs,  which  affords  special  facilities  for  their 
study,  tlie  beds  of  tliis  di\'i8ion  are  found  to  extend  from  a  height 
of  20  feet  up  to  17U  feet  above  high -water  mark,  and  are  therefore 
about  150  feet  thick. 

Directly  below  the  **  Cement-beds "  we  find  a  great  thickness 
(80  feet)  of  dark-blue  clays,  containing  but  few  septaria,  and  these 
apparently  not  occurring  in  definite  layers.  Throughout  this  bed 
fossils  are  extremely  rare.     They  are  of  the  following  species : — 

r.  Vennicularia  Phillipsii,  Bom.  sp. 
r.  Pocten  cinctuB,  S(m\  (large  form), 
r.  Exogyra    sinuata,    Sow.    (typical 
form). 

These  beds  are  underlain  by  others  of  similar  lithological  cha- 
racter but  much  more  fossiliferous,  which  are  about  40  feet  thick ; 
they  are  characterized  by  the  great  abundance  of  the  gigantic  form 
of  Pecten  cincttcs,  of  Exoyyra  sinuata  (the  typical  form,  often  of 
great  size),  and  of  Bchtnnites  jaculum.  Owing  to  the  circumstance 
of  their  being  enclosed  in  clay,  it  is  rarely  that  we  find  perfect 
specimens  of  the  Exofjt/rce  and  Pectines,  though  their  fragments  are 
extremelv  numerous. 

In  the  lower  part  of  this  mass  of  clay  there  occur  several  layers 
of  small  dark-brown  nodule^  with  pyritous  septa.  In  one  of  these 
seams  almost  every  nodule  contains  a  specimen,  more  or  less  perfect, 
of  the  Metjena  ornata,  Phil,  sp.  This  is  the  "  fehrimp-bed "  of 
collectors.  In  larger  scattered  nodules  in  the  same  portion  of  the 
bed  there  occur  specimens  of  a  large  undescribed  Ammonite  (A, 
bipintiatus,  AVill.  MS.)  and  of  Ancyloceras  Duvnlli,  Leveill^.  This 
portion  of  the  series  may  be  well  studied  in  Middle  Cliff,  and  also  in 
New  Closes  Clift*,  where  it  is  brought  down  by  a  landslip. 

The  base  of  the  second  division  of  the  Speeton  Clay  is  formed  by 
a  bed  of  dark-blue  clay,  distinguished  by  containing  regular  layers 
of  septaria,  which  are  of  a  light-brown  colour,  and  contain  specimens 
of  Ancyloceras  and  Ammonites.  As  this  is  the  horizon  at  which  the 
former  fossils  attain  their  maximum  of  abundance,  we  may  appro- 
priately  call  this  bed  "  the  Ancyloceras-bed,"  It  is  likewise  the 
metropolis  of  Belcmnites  jaculum. 

Fossils  from  the  Middle  Neocomian  of  Speeton, 

R.  Ammonites  cryptooeras,  1/  Orh, 

R.  crasaicoetAtuB,  If  Orb. 

R.  Migulicoatatus,2>'Or6. 

C.  Ancyloceras  (Crioceras)  DuTalii, 

LiveiUi, 
C. (Criooeraa)  Emerioii,  J^eeiltf . 

r.  ,  sp. 

C.  Meyeria  ornata.  PkU.  »p. 

r.  Other  orustaoean  remaina. 

r.  Cerithium  Phillipsii,  Igmi. 


r.  Vertebrae  and  teeth  of  flshea. 
R.  Belemnites      senncanaUculatua  ?, 
Blainv. 

r.  ,  ap. 

C.  jaculum,  Phil. 

c.  Ammonites  bipinnatus,  WiU,  MS. 

e.  mareinatuft,  Phil, 

r.  nucleus,  Phil. 

r.  Nisiis,  IT  Orb, 

c, rotula.  Sow, 
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r.  Cerithium,  sp. 
r.  Trochus,  sp. 
r.  Ostrea  frons,  Park. 
C.  Exogjra   sinuata,     Sow.    (typical 

form). 

c.  — (var.  elongata,  Let/m.). 

C.  Fecten    cinctus,     Sow.    (gigantic 

form), 
r.  Lima,  spec.  nov. 
r.  Nucula  obtusa,  Sow. 
B.  Lucina  sculpta,  Phil. 

r.  ' crassa,  Sow. 

c.  Fholadomja  Martini,  Forbes. 

r.  ,  sp. 

c.  Thracia  Phillipsii,  Rom. 


c.  Panopeni  Neocomiensis,  Desk.  sp. 
r.  Terebratula  depressa  ?,  Zam.,  yar. 
?  Terebratula  bippopus,  Rom. 
r.  Waldheimia  Celtica,  Morris, 
r,  Bhynchonella  sulcata,  Park, 
c.  Serpula  filiformiB,  Sow. 

c.  antiquata,  Sow. 

r.  gastrochaenddes,  Leym. 

c.  ,  sp. 

r.  Vermicularia  Phillipsii,  Rom. 
r.  Pentacrinut  angulatus,  Rom. 
r.  Pentacrinus,  sp. 

Sponges. 

Cliona  (crypts). 

Wood. 


In  a  paper  which  I  had  the  honour  of  submitting  to  this  Society 
daring  its  last  session*,  I  showed  that  certain  beds  in  Lincolnshire, 
for  which  I  proposed  the  name  of  the  "  Tealby  Series,"  are  of  Middle- 
Neocomian  age,  and  also  pointed  out  the  correspondence  which  exists 
between  those  beds  and  the  portion  of  the  Speeton  Clay  we  are  now 
discussing.  This  correspondence  is  especially  seen  in  the  abundance 
in  both  these  series  of  gigantic  specimens  of  Pecten  cinctus  and  Exo- 
gyra  sinuata ^  as  also  by  the  presence  of  Belemnites  jaculum,  an  un- 
described  Ammonite  (A,  hipinnatus,  Will.  MS.),  the  same  species 
of  Ancyhceras,  with  other  fossils.  It  is  true  that  the  Cljrpeiform 
Ammonites,  which  are  so  very  characteristic  of  the  Lincolnshire  series 
and  some  of  its  continental  equivalents,  have  not  hitherto,  so  far  as 
I  am  aware,  been  found  in  this  division  of  the  Speeton  Clay ;  but 
so  close  is  the  correspondence  in  other  respects  that  I  am  sanguine 
of  these  fossils  being  sooner  or  later  discovered  in  the  Yorkshire 
beds. 

If  we  now  turn  our  attention  to  the  continental  deposits  which 
appear  from  palseontologieal  evidence  to  be  the  equivtdents  of  this 
division  of  the  Speeton  Clay,  that  which  claims  our  first  attention  is 
the  Hilsthon  of  Hanover  and  Brunswick.  The  sections  of  these 
strata  being  all  inland,  the  succession  of  beds  does  not  appear  to 
have  been  worked  out  in  any  detail ;  but  a  reference  to  the  de- 
scription of  this  formation  by  M.  Edmerf,  and  to  that,  of  a  later  date, 
by  M,  von  StrombeckJ,  will  suflBlce  to  show  its  very  close  agreement 
with  our  second  and  third  divisions  of  the  Speeton  Clay.  As  far  as 
can  be  judged  from  these  descriptions,  the  upper  part  of  the  Hilsthon 
represents  the  Middle  Neocomian,  and  is  the  equivalent  of  the  beds 
at  Speeton  which  I  have  just  described.  The  lower  part  of  the 
Hilsthon  and  the  whole  of  the  Hilsconglomerat,  on  the  other  hand, 
seem  referable  to  the  Lower  Neocomian,  and  correspond  to  the  third 
division  of  the  Speeton  Clay. 

In  the  thin  belt  of  Neocomian  strata  which  surrounds  the  Paris 
basin,  and  has  been  made  known  to  us  by  the  admirable  researches 

*  Quart  Joum.  Qto\,  Soc.  vol.  xxiii.  p.  227. 
t  Verst.  nordd.  Kreide  (1840-41). 

X  XJeber  die  Neooomien-Bildung,  Ac. — Zeitachrift  d.  geol.  GhBeUioh.  vol.  i. 
p.  402  (1849) ;  Leonhard  und  Broxm*8  Jahrb.  Min.  1860,  p.  230 

s2 
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of  MM.  Lejmerie,  Comuel,  Longuemar,  D'Arcbiac,  and  othen,  the 
middle  division  of  the  Neocomian  would  appear  to  be  much  less  per- 
fectly represented  than  either  the  upper  or  lower  divisions. 

When  we  pass  beyond  the  limits  of  the  Anglo- Parisian  basin,  the 
difficulty  of  correlating  the  different  foreign  deposits  with  our  York- 
shire beds  becomes,  as  might  be  expected,  greatiy  increased,  the  more 
so  from  the  wide  discrepancies  of  opinion  which  exist  among  French 
geologists  concerning  the  true  stratigraphical  relations  of  some  of 
tiieir  beds.  Without,  however,  trespassing  on  these  fields  of  con- 
troversy, I  may  state  that  the  extensive  series  of  deposits,  consist- 
ing principally  oi  white  limestones,  which  overlie  the  true  Neocomian 
limestones  (which  are  generally  of  a  yellow  colour)  in  Switzerland 
and  South-eastern  France,  and  are  especially  characterized  by  the 
abundance  of  Chama  Ammonia  and  other  species  of  Rudistes,  appear 
to  represent  the  Middle  Neocomian  and  ^at  part  of  the  Speeton 
Gay  which  I  have  been  describing. 

Other  deposits,  which  appear  to  be  of  the  same  age,  exist  in  the 
south  of  Spain,  the  north  of  Italy,  in  Austria,  in  the  province  of 
Constantine  in  Northern  Aftica,  and  probably  in  New  Granada. 

C.  Lower  Neocomian, — The  third  division  of  the  Speeton  Clay  is 
seen  at  the  lower  portions  of  Middle  and  New  Closes  Cliffis,  the  upper 
parts  of  these  cliffs  being  entirely  concealed  by  drift.  In  subdividing 
this  series  of  beds,  I  shall  avail  myself  of  the  limited  vertical  ranges 
of  several  groups  of  Ammonites  found  in  it.  The  sections  into  which 
the  series  thus  naturally  falls  are  as  follows  : — 

a.  Zone  0/ Ammonites  Speetonensis,  Y.  Sf  B, — This  consists  of 
about  100  feet  of  dark-blue  clays,  containing  fossils  in  the  form  of 
pyritous  casts.  Ammonites  being  particularly  abundant.  The  prevail- 
ing species  is  that  which  gives  its  name  to  the  bed,  and  which  is,  as 
far  as  I  yet  know,  perfectly  characteristic  of  it.  BelemnUes  jacuJwn 
is  still  abundant  throughout  this  bed ;  and  towards  its  lower  part 
occur  specimens  of  Ancyloceras,  either  enclosed  in  claystone  nodules 
or  mineralized  by  pyrites.  Exogyra  sinuata,  of  the  typical  form,  is 
found  but  rarely  in  this  bed ;  but  the  little  variety  called  E,  subplicata 
by  Romer  occurs,  and  is,  I  believe,  entirely  confined  to  this  zone. 

b.  Zone  of  Ammonites  Noricus,  Schloth, — This  bed,  like  the  last, 
which  it  resembles  in  lithological  characters,  is  very  well  charac- 
terized by  a  group  of  Ammonites,  Belemnites  jaeulum  here  becomes 
exceedingly  rare,  as  do  also  the  species  of  Ancyloceras ;  in  the  whole 
of  this  bed,  which  is  about  50  feet  thick,  I  have  been  able  to  obtain 
but  a  comparatively  small  number  of  species  of  fossils. 

c.  Zone  0/ Ammonites  Astierianus,  D*Orb, — The  lowest  beds  of 
the  Neocomian  series  at  Speeton  are  extremely  well  marked,  both 
by  their  lithology  and  by  their  palaeontology.  They  consist  of  from 
60  to  100  feet  of  dark-coloured  shaly  clay,  highly  impregnated  with 
pyrites.  Unfortunately,'  owing  to  this  last  circumstance,  all  the 
smaller  and  more  delicate  fossils  are  rapidly  destroyed  by  the  action 
of  the  air.  This  bed  may  always  be  easily  recognized  by  its  shaly 
character,  and  by  its  fragments  being  constantly  coated  with  a  yel- 
lowish-white efflorescence^  consisting  of  basic  sulphate  of  iron. 
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Fossils  from  the  Lower  Neoeomian  of  Speeion, 


285 


Teeth  of  Lamna 

Vertebrae  of  fiah  

ABtaoodes  falcifer,  Phil,  sp 

BelemniteB  jaoulum,  PhUi 

lateraUs,  Phil. 

Ammonitee  Speetonensis,  Y.  ^  B. 

,  var.  venustiis,  PhU.  ... 

,  var.  concinnus,  Phii. 

-,  other  varieties 


NoricuB,  SctUoth.  (varieties) 

,  var.  ?  furcillatus,  Bean^  MS. 

Astierianus,  jyOrb.  (varieties) 

multiplicatus,  Bom , 

-,  var,?  hystrix,  PhU. 


Niaus,  Bt  Orb. 

rotula,  Sow 

trisulcosus  (?),  PAi/.    

marginatus,  Phil 

nucleus,  Phil 

,  sp : 

Ancylooeras  (Criooeras)  Duvalii,  LiveiUi. 

(Crioceras)  Emericii,  LSveilU    

(Criooeras)  Puzosianum, i>' Orb.  ?.... 

(  Ham  i  tes)  rarioostatum,  Phil 

Cerithium  aculeatum 

TrochuB,  sp 

Dentalium  Isevigatum,  Bean^  MS.     

Exogjra  sinuata,  Sow.  (typical  form) 

flubplicata,  Rom 

Couloni  (E.  Bubeinuata, Leym.)    .... 

,  var.  dorsata,  Leym 

,  var.  falciformis,  Goldf.  

•,  var.  aquilimi,  Leym 


c. 


Ostrea,  sp. 

Pecten  cinctus,  Sow.  (gigantic  form) 

Nucula  obtusa,  Sow , 

(Leda  ?)  subrecurva,  Phil.  (N.  scapha,  D*  Orb.) 

Astarte  hXico^tt^  Desk , 

PhoUdomva,  sp , 

Thracia  Pnillipsii,  Rom 

Pholas  oonstricta,  PhU.  

Teredo,  sp 

Terebratula  dopressa?,  Lam 

Rhynchonel  la  sulcata,  Park 

Serpula  articulata  

Toxaster  complanatus,  Ag 

Pentacrinus,  sp 

Wood   

Frond  of  Fern  (ZowcAopferis  ?) 


r. 


c. 


tS^ 


Palaeontologically,  this  diyision  is  distingnished  by  the  presence  of 
Ammonites  Astierianus  and  its  allies,  though  I  believe  rare  spedmenB 
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of  these  occasionally  occur  in  the  bed  above.  Belemnites  jacidum 
has  now  entirely  disappeared,  and  its  place  is  taken  by  Belemnites 
laterally  which  occurs  in  prodigious  numbers,  and  in  every  stage  of 
growth.  I^ut  the  most  abundant  and  strikingly  characteristic  fossil 
of  this  bed  is  that  form  (subspecies  of  Leymerie)  of  Kvofji/ra  sinuata 
(the  large  and  typical  form  of  which  never  occurs)  which  is  called 
E.  suhsinuata  or  K  CoxJonl,  and  is  likewise  so  abundant  in  and  cha- 
racteristic of  the  N(JOComian  Limestone  of  Central  and  South-eastern 
France.  A  solitary  specimen  of  an  Echinoderm,  Toxaster  compla- 
natus,  which  is  equally  characteristic  of  those  continental  deposits, 
was  probably  also  obtained  from  this  lowest  division  of  the  Speeton 
clay. 

In  my  previous  paper  on  the  beds  of  Lincolnshire  I  abstained  from 
any  att<?mpt  at  correlating  the  beds  below  the  Tealby  series,  on 
account  of  the  paucity  and  imperfection  of  their  fossils ;  but  I  pointed 
out  that  the  Carstone  of  Norfolk  and  Cambridgeshire  represents  the 
upper  and  lower  sandy  scries  of  Lincolnshire,  the  intermediate  lime- 
stone and  ironstone  series  having  entirely  thinned  out.  I  may  now 
8tat<>  that  the  fossils  of  the  lower  sand  and  sandstone  of  Lincolnshire, 
as  well  as  those  of  the  lower  portion  of  the  Carstone  of  Norfolk, 
all  point  to  the  conclusion  that  these  beds  are  of  Ix>wer-Neocomian 
age  :  and  this  view  has  been  confirmed  in  the  most  striking  manner 
by  the  discovciy  of  the  richly  fossiliferous  deposits  of  Upwarc  and 
Potton.  Among  the  fossils  from  those  localities  I  find  the  different 
varieties  oi  Ammo  nit  fs  Speetonensis  and^wi.  Noricus^  a  large  number 
of  Lowcr-Neocoraian  species  of  Brachiopoda,  and  not  a  few  bivalves 
and  univalves  occurring  in  the  same  formation. 

I  have  already  pointed  out  the  very  striking  correspondence 
between  the  lower  division  of  the  Speeton  Clay  and  the  lower  part 
of  the  Hilsthon  and  the  Hilsconglomerat  of  North-western  Ger- 
many, a  correspondence  which  is  sufficiently  accounted  for  when 
we  take  into  consideration  the  resemblance  in  petrological  character 
between  the  two  formations,  and  also  their  geographical  relations. 

Less  numerous,  but  still  most  n^mistakeable,  are  the  points  of 
analogy  between  these  beds  and  the  Lower- Neocomian  limestones  of 
the  Paris  basin  (Calcaire  d  sp(it<tru/uex  of  Leymerie)  and  the  enor- 
mous deposits  of  yellow  limestone  of  Provence  and  Switzerland,  the 
origitial  Neocomian  Limestone  (Calcaire  Neocomien  k  Toxaster  com- 
jplatiatiis  of  D'Archiac).  The  presence  in  the  Yorkshire  bed  of  such 
eminently  characteristic  species  as  Kvogyra  Couloni,  Toccaster  com- 
planatHS,  Ammonites  Astienamts^  Ammonites  Noriirns,  Belemnites 
lateralis,  and  others,  leaves  nothing  further  to  be  desired  in  esta- 
blishing this  correlation.  The  present  state  of  our  knowledge  of 
these  foreign  beds  will  not  warrant  any  attempt  at  drawing  a  paral- 
lelism between  their  subdivisions  and  the  very  distinct  zones  of  their 
Yorkshire  representative,  though  such  a  parallelism  may  at  some 
future  period  be  shown  to  exist. 

Other  very  extensive  deposits  of  this  age  occnr,  as  is  well  known » 
in  Spain,  Italy,  Austria,  the  Crimea  and  Caucasos,  Northern  Africa, 
and  South  America.    In   a  collection  of  Neocomian  fossila  fhim 
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Bogota  which  was  shown  to  me  by  Mr.  Woodward  of  the  British 
Museum,  I  noticed  undoubted  specimens  of  Ammonites  Astierianus 
and  Exogyra  subsintuita,  evidently  from  the  same  deposit. 

D.  Portlandlan, — The  junction  of  the  Neocomian  and  Jorassio 
beds  at  Speeton  is  indicated  (as  is  so  frequently  the  case  when  two 
distinct  formations  are  seen  in  apposition)  by  a  layer  of  phosphatic 
nodules  and  saurian  remains.  For  first  pointing  out  this  very  inter- 
esting fact  we  are  indebted  to  Mr.  Leckenby*.  I  am  also  inclined 
to  believe  that  the  break  is  still  further  marked  by  an  unconformity 
between  the  comparatively  slightly  disturbed  Neocomian  beds  and 
the  highly  contorted  Upper  Jurassic.  Unfortunately  the  present 
state  of  the  section  wiU  not  permit  of  our  arriving  at  any  definite 
conclusion  on  this  point. 

The  Jurassic  beds  of  Filey  Bay  do  not  afford  the  same  facilities  for 
their  study  as  those  already  described ;  and  we  have  to  be  satisfied 
with  only  slight  and  occasional  exposures  of  them.  This  circum- 
stance, however,  is  the  less  to  be  regretted,  as,  with  the  exception 
of  the  highest  zone,  they  are  all  very  completely  represented  in  other 
parts  of  England. 

This  highest  zone,  which  Mr.  Leckenby  considers  referable  to 
the  Portlandian — an  opinion  in  which  I  fully  concur— consists  of 
three  portions.  The  uppermost  of  these  is  formed  by  the  bed  of 
phosphatic  nodules  (**  Coprolite-bed  "  of  the  workmen),  and  is  seen 
on  the  shore  below  the  cliff  when  it  has  been  bared  of  sand  and 
shingle  by  storms.  It  also  reappears  under  similar  circumstances  on 
the  shore  near  Hunmanby  Gap,  a  mile  to  the  north  of  the  last-men- 
tioned locality,  into  which  position  it  is  brought  by  the  enormous 
contortions  to  which  these  beds  have  been  subjected.  At  the  lower 
part  of  New  Closes  Cliff  the  *'  Coprolite  bed"  again  occurs,  and  is 
there  extensively  worked  {vide  Appendix  C).  The  bed,  which  ave- 
rages only  5  ipches  in  thickness,  consists  of  very  dark-coloured 
heavy  nodules  ^  phosphatic  matter  much  mixed  with  pyrites. 
It  contains  numerous  casts  of  shells,  of  a  black  colour  and  much 
eroded,  and  not  unfrequently  bones  of  saurians.  Some  years  ago 
the  nearly  perfect  skeleton  of  a  Pltsioaaurus  was  found  in  this  bed, 
a  portion  of  which  is  now  in  the  possession  of  Lord  Ix>ncl%borough. 
The  fossils  of  this  bed  are  as  follows : — 


Ammonitefl  gigan,  Zeit, 
^—  rotundas,  Sow» 
Liicina  Portlandica,  3ow, 
Area  (cuts). 
Nucula  (casts). 


Lithodomus  (crypts). 

(Other  indeterminate  casts.) 

Wood. 

Bones  of  Saurians  and  Fish. 


Below  the  "  Coprolite  bed  "  occurs  a  layer  of  peaty  clay  contain- 
ing fish-remains.  This  bed  is  now  entirely  concealed,  and  I  am 
indebted  to  Mr.  Leckenby  for  information  as  to  its  true  position. 

The  lowest  and  principal  portion  of  the  Portlandian  at  Speeton 
consists  of  dark-coloured  clays,  with  hard  stony  bands.  These 
cannot  be  seen  in  the  cliff,  owing  to  the  workings  which  have  been 

*  Wright's  Hon.  Brit.  Cret.  Bcbm.  (1864)  p.  9. 


c.  Nueula  (casts). 
C.  Lucina  Portlandica,  Sow. 
r.  Lithodomus  (orjpto). 

Wood. 

Plesiosaurus. 

Other  fish-remaiiiB. 
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carried  on  there ;  but  from  those  workings  fragments  of  their  fossils 
are  sometimes  brought  out.  Mr.  Leckenby,  however,  informs  me 
that,  after  a  long  prevalence  of  south-westerly  gales,  these  beds  may 
be  se^n  on  the  shore  near  low- water  mark,  and  opposite  to  the  diff ; 
and  that  he  has  himself  obtained  from  them  in  that  spot  the  charac- 
teristic Ammonites.  Having  never  had  the  good  fortune  to  gain  a 
sight  of  these  rocks,  I  have  been  unable  to  fix  their  exact  position 
on  my  map.  The  only  fossils  I  am  acquainted  with  from  these 
beds  are  the  very  highly  characteristic  coronated  Ammonites,  viz. 
A,  gifffts,  Zeit.,  and  A.  Oravesianus,  D'Orb.,  together  with  A. 
rotunduSf  Sow.,  and  comparatively  small  specimens  of  Ammonites 
ffiganUus,  Sow.?  At  one  time  these  fossils  could  firequentlj  be 
collected  from  blocks  on  the  shore  of  Filey  Bay ;  but  ovdng  to  the 
constant  removal  of  material  for  road-metal,  I  believe  that  they  are 
now  seldom  so  met  with. 

Fossils  of  the  Portlandian  of  Speetan, 

r.  Belemnites,  sp. 

c.  Ammonites  gigas,  Zief. 

c.  Oravesianus,  2>'  Orb. 

r.  IriuB^  Z/Orh. 

c.  giganteus,  Sow.  ? 

C.  rotundus,  Sow. 

c.  Area  (casts). 

Although,  as  will  be  seen  from  the  foregoing  list,  the  actual 
number  of  species  obtained  from  this  scries  is  but  small  (and  in  no 
district  has  an  extensive  fauna  been  obtained  from  beds  of  Port- 
landian age),  yet  the  presence  of  the  eminently  characteristic  spe- 
cies of  coronated  Ammonites  (not  to  mention  any  others),  taken  in 
connexion  with  the  stratigraphical  relations  of  the  beds,  is,  I 
believe,  sufficient  warrant  for  the  correlation  of  them  proposed  by 
Mr.  Leckenby.  A  very  close  correspondence  between  the  fossils 
of  these  beds  of  clay  and  those  of  the  well-known  Portland  lime- 
stone and  sand  of  the  South  of  England  would  scarcely  be  anti- 
cipated ;  and  accordingly  we  are  not  surprised  to  find  closer  ana- 
logies in  the  fauna  of  beds  of  the  same  age  in  the  Jura  of  France 
and  Switzerland, — beds  which,  though  at  a  greater  geographical 
distance,  yet  agree  much  more  nearly  with  them  in  li^ological 
characters. 

£.  Ujyper  Kimmeridge, — This  series  of  beds  is,  like  the  last,  bat 
very  imperfectly  exhibited  in  Filey  Bay.  Friigments  of  it  are 
brought  out  from  some  of  the  coprolito  workings ;  and  a  small 
portion  of  it  in  situ,  exhibiting  great  contortions,  was  exposed 
in  November  1867,  to  the  north  of  New  Close  Cliff,  by  a  landslip 
in  the  drift.  But  by  far  tlie  best  exposure  in  these  beds  is  that 
which  I  had  the  opportunity  of  obsen-ing  in  May  1867*,  when,  part 
of  the  shore,  opposite  to  Raincliff  Gill,  being  bared  of  shingle  and 
pand,  a  portion  of  these  beds,  forming  the  denuded  summit  of  an 
anticlinsd,  was  uncovered,  and  could  be  examined  daring  lowwater 

*  Professor  Phillips  sppean  to  have  witnessed  a  nmilar  eiposim  of  Hbm 
fame  beds  in  1826.    Geology  of  YorkahiN,  2nd  edition  (1836),  p.  48. 
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at  the  spring  tides.  Waterwom  fragments  of  this  bed  are  also  con- 
stantly thrown  up  on  the  shore  of  the  bay.  This  group  consists 
of  very  finely  laminated,  dark- coloured,  bituminous  clay,  or  rather 
shale,  interstratificd  with  hard  slaty  beds,  occasional  septaria  being 
scattered  through  the  mass.  The  beds  are  crowded  with  fossils, 
which,  however,  are  always  compressed  between  the  lamince,  and 
are  seldom  capable  either  of  identification  or  preservation.  The 
Ammonites,  which  are  particularly  abundant,  are  referable  to  A, 
hiplex,  Sow.,  and  other  species  of  the  group  of  Planulati,  which  are 
characteristic  of  the  continental  White  Jura.  Discina  JaHssima,  Sow. 
sp.,  Lingula  ovalisy  Sow.,  with  many  bivalves,  and  some  univalves, 
also  occur  in  great  abundance. 

Fossils  of  the  Upper  Kimmeridge  of  Speeton, 


c.  Icthyosaurus  (vertebnc). 
C.  Ammonites  biplex,  Sow. 
C.  .    Seyeral  species  of  the  group 

q{ Planulati^  but  too  much  cruahea 

for  identification, 
r.  Ostrea,  sp. 


c.  Innooeramus,  sp. 
c.  Cardium,  sp. 

(Numerous  species  of  bivalves). 
C.  Discina  latissima,  Sow,  sp. 
C.  Lingula  ovalis,  Sow, 


In  pointing  out  the  relations  of  this  division  of  the  Speeton  day, 
I  may  be  permitted  to  call  attention  to  the  very  admirable  classi- 
fication of  the  Kimmeridge  beds,  proposed  by  Dr.  Waagen  *  in 
1865.  Having  had  the  opportunity  of  comparing  this  classification, 
not  only  with  the  beds  of  Kingstead  Bay  in  Dorsetshire,  which  the 
author  employs  as  his  typical  section,  but  also  with  the  Kimme- 
ridge of  Lincolnshire,  which  is  very  extensively  and  completely 
developed,  and  now  with  the  equivalent  beds  in  Yorkshire,  I  am 
convinced  that  no  other  arrangement  hitherto  proposed  represents 
so  faithfully,  at  least  as  far  as  this  country  is  concerned,  the  true 
palaeontological  relations  of  the  Upper  Jurassic  strata. 

The  laminated  bituminous  clays  which  I  have  described  as  oc- 
curring at  Speeton  agree  very  closely,  both  in  mineral  characters  and 
in  their  fossils,  with  theUpperKimmeridge(Region  oi  Discina  latissima 
and  Acanthoteuihis  speciosa  of  Dr.  Waagen)  of  Dorsetshire  and  Lin- 
colnshire. Everywhere  these  beds  are  characterized  by  the  abun- 
dance of  Discina  latissima  f,  Lingula  ovalis,  and  certain  Ammonites 
of  the  group  of  the  Planulati, 

F.  Middle  Kimmeridge — ^The  beds  of  this  zone  are  exposed  at  a 
number  of  places  in  the  cliff,  commencing  near  Mile  Haven,  and 
extending  along  the  shore  for  about  a  mile  to  the  southwards. 
They  consist  of  light-blue,  somewhat  sandy  clay,  of  the  kind  called 
by  workmen  "  dicey  " — that  is,  breaking  up  into  more  or  less  regu- 
lar quadrangular  fragments ;  a  few  septaria  are  scattered  through 
this  clay.  Towards  the  upper  part  the  beds  become  darker  in  co- 
lour, laminated  in  structure,  and  frequently  contain  much  pyrites. 

*  Versuch  einer  allgemeinen  Classification  der  Sohichten  dec  obeien  Jnim. 
Mimchen,  1865. 

t  Sowerby's  original  speciment  of  Discina  (^Patella)  latistima  were  obtained 
from  beds  similar  to  those  I  have  been  desonbing,  at  Bolingbroke^  Lincoln- 
shire. 
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Fossils  of  the  Middle  Kimmendge  of  FiUij  Bay, 


c.  Pecten,  Bp. 

c.  rinna  n^nulata.  Sow, 

r.  Mo<Uolabipartita,/'A*/.(non&/ie.). 

r.  Loda,  sp. 

r.  Ceroinya  excentrica  ?,  Ag. 

c.  Myacite«,  ep. 

c.  Pholadomja,  «ip. 

?  Thracia  depitMsa,  Sow, 

.r.  Bhynchonella,  gp. 

r.  Pentacrinuj*,  sp. 

c.  Sponges. 

C.  Wood,  both  in  the  state  of  jet  and 
mineralized  by  pyrites. 


c.  Belemnitea  Troslovanus,  />'  Orb. 
C.  niti(hi»,  Ih>//J'»ss. 

c.  Animonitt»s  nmtabilis.  Snir. 

c,  biplex,  Sow. 

r. triplicatuH.  St/w. 

r.  Marantianus?,  D'Orh. 

r.  Yd?  D'Orh\,\\x\.). 

r. Berryeri  ?,  Lcweur. 

r.  ,  8p. 

r.  Ancylocera.s?,  pp. 

r.  Ostroa.  8p. 

C.  Exogyra  virgula.  Dffr.  (var.). 
C. nana,  S(m\ 

r.  Plicatula,  sp. 

Not  less  satisfaoton-  than  in  the  preceding  case,  is  the  identifi- 
cation of  these  beds  with  the  Middle  Kimmeridge  (Region  of  Am- 
monites mutabiJis  and  Kcogyra  virguht  of  Dr.  Waagen).  The  dif- 
ferent beds  of  this  ci<j;o  present  many  features  of  very  great  interest, 
hut  have  never  received  that  amount  of  attention  which  they  de- 
serve :  in  Liiioohishire  they  furnish  a  large  and  well-marked  fauna, 
])eing  exposed  in  a  number  of  clay-pits  (of  which  I  may  especially 
instance  those  of  lloriicastle  and  Usselby  *),  and  also  in  the  Wrawby 
cutting?  of  the  ^ranchester,  Sheffield,  and  Lincolnshire  Railway.  The 
uniformity  of  (rliaraotrr  in  the  Kimmeridge  clay,  as  seen  in  Dorset- 
shire, Lincolnsliire,  and  Yorkshire,  is  very  striking. 

G.  Lower  Kimtncridge. — Near  Mile  Haven,  according  to  the  tes- 
timony of  fossil -collectors  and  others,  certain  heds  of  blue  clay  were 
at  one  time  exposed,  the  septaria  of  which  yielded  a  different  series 
of  fossils  from  those  of  the  beds  last  described ;  among  the  fossils 
80  obtained,  I  have  seen  undoubted  specimens  of  Ammonites  alter- 
nanSy  Von  Buch,  and  Jihpwhonella  inconstans,  Sow. 

Dr.  Waagon's  lower  division  of  the  Kimmeridge  Clay  appears,  at 
all  events  in  Lincolnshire,  to  be  divisible  into  two  well-marked 
zones.  In  the  upper  of  these,  which  may  be  well  studied  in  the 
clay -pits  about  Market  Rasen,  Ostrea  deltoitlea  never,  I  believe,  occurs, 
while  in  the  lower,  which  is  well  seen  in  a  pit  at  Woodhall,  that 
fossil  occurs  in  prodigious  numbers.  A  number  of  other  palieonto- 
logical  characters  also  assist  us  in  separating  these  two  zones.  The 
beds  seen  in  Filey  Bay  appear  to  be  referable  to  the  upper  of 
these ;  but  the  lower  would  seem,  from  a  statement  of  Professor 
Phillips,  to  be  found  inland  at  Elloughton  f. 

No  other  deposits  of  Mesozoic  age  are  seen  in  Filey  Bay,  until 
we  arrive  at  the  Brigg,  where,  as  is  well  known,  the  Lower  Calca- 
reous Grit,  covered  by  a  few  feet  only  of  the  Coral  Rag,  rises  above 
the  sea-level,  and  is  seen  in  the  cliff  below  the  Boulder-clay. 

VI.  Conclusion. 

In  bringing  this  paper  to  a  close,  it  may  be  well  to  recapitulate 
briefly  the  results  arrived  at.     They  are  as  follows : — 

*  This  pit  is  now,  I  believe,  closed.  t  Geology  of  Yorkshire,  p.  46. 
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1.  The  %lbeton  Clay,  including  under  this  name  bU  the  beds  of  clay 
exposed  in  Filey  Bay  and  intermediate  between  the  Hunstanton. 
Limestnne  and  Coralline  Oolite,  is  a  deposit  of  vcrj'  great  thickness 
and  importance. 

2.  It  is  certainly  not  the  equivalent  of  the  Gault ;  nor  does  any 
portion  of  it  appear  to  be  referable  to  that  formation,  the  evidence  on 
which  it  was  thus  oripnally  correlated  breaking  down  on  reexami- 
nation, and  being  entirely  negatived  by  other  and  ample  evidence, 
both  strati  graphical  and  pulseontological. 

3.  The  Speetoa  Clay  centaina  at  least  seven  divisions,  well  marked 
lithologically,  still  better  defined  palteontologically.  They  are ; — 
Ist,  the  Upper  Neocominn, having  its  equivalent  in  the  Lower  Green- 
sand  of  the  south  of  England  ;  2nd,  the  Middle  Neocomian,  of  which 
the  Tealby  series  of  Lincolnshire  is  the  equivalent ;  3rd,  the  Lower 
Ncocomian,  now  recognized  for  the  first  time  in  this  country  ;  4th, 
the  Fortlandian,  agreeing  much  more  closely  with  some  of  the  con- 
tinental representatives  of  that  formation  than  with  the  limestone 
and  sand  of  Portland  ;  and,  5lb,  6th,  and  7th,  the  Upper,  Middle, 
and  Lower  Kimmeridge.  Some  of  these  groups  fall  naturally  into 
still  smaller  subdivisions. 

Appendix  A. — Table  lAowiny  the  Vertical  DiUribut'wn  of  the  Fottih  of 
the  Speeton  Clay. 


il  iJ  I 


neudo^legum,  If  Orb  . . 


lemnitee  eemicmuklioulatiu?,  fi^ni'.. 
-minimui.  Lot 

—  iildmui,  UOrb 

-jiculum,  PkiU. 

-Xa.'Uiraiit.'pm.   "...... 

-  TroIdojBnui.  iJ"  Ori 

—  nitidia,  Dollf. 

AmiDonitcs  Dnbuyrsii,  Ltj/ni 

,  TBr.  ciirrinodui,  Phill. 

-  Tiimi,  LrOrh 

-  nuclmis,  PAUL 

-  marrinalua.  Pkm.    

-retuT*,  Sow 

-.;p".™;-? 

-,  Hpeo,  noT 

-bipinn«tu»,  IVill.  MS. 

—  oryptooeras,  UOrb 

—  aDguUcoalalu*,  IT  Orb 

—  cnMioMUtiu,  UOrb 


PB0CXEPI5SS  or  Tja  eiOLOSicu.  aociSTT.  [Jsn.  22, 

Table  showing  the  Vtrtioal  J>Ulriftution  (continitai). 


llMi 


inonitM  Norinis.  Sckloflk 

.  yar.f  furdllHtu»,5«iii,  US.... 

-  Bp»kmen»i«,  Y.A  B 

_  -Ll.  w-  Tenuatus,  PW/, 

,  T«r.  concinniw, /"W/.   

-  Astitt-i«nu8,  UOrh , 

-  multiplicalus,  Rom 

.  lar.f  hislrii,  Wift  

-  trisuIcoJuB,  Phill.     

,  spec,  r 


gigM.Zi'f 

-Qravesianus.D'Oi-i    

-Irim.  jyOrA 

—  gigHQteus.  Soic.  ? 

—  rotimdus,  Som. 

—  liiplei.  Soa 

—  muCBbllis.  Soa 

—  triplicBlua,  Amp. , 

-MarantiBnu*.  2>"Or4 , 

-Yo^.  IfOrb 

—  Berrjeri ?,  tf »ii™r 

—  tdtcrruuiB,  Van  Bach   

AlU^locenu  grande,  Forbtt,  ap.  . 


-,  ip. 


— "(Crioii'ras)'  buraiii,'  'Uvtiiu'"!. 
—  (Criocpraa)  Emsriuii,  ZiutilU... 


■  (Hunilea)  ruioaHatam,  PML 

■•  'P - 

EostelUris  Parlrinsoni,  Phill.  (non  Soio.),. 

bic>rin»t«,  Leym 

Ceritbiuni  Clementitium,  i/Ori.  [tot.' 
-rhillipiLirijyni 

-  XMileatum,  Sean,  SfS. 

Turritella  Iciigata,  Z«^ 

Solarium  (?|tibulatum,  PAiV/.   

Troobui  (?)  pulchBrriraim,  Phill.  (p.  ., 

—  granuUtiui,  Btan,  MS. 


irotoniBrui  prorincialis,  ff  Orb.    , . 

Aurimls  obsoleU.  P^'/.  

Delpbioola  (?1.  gp., /'Aitt    

Emareinul*  Nfocomioiuis.  IfOr* 

DeatBlium  ellipdcum  ?,  Sam.  (cmU)  .. 

lEiigatum.  £«in.  Jlf.5.   

OttrtaUjnieriei.  If  Ort 

-front,  Part 
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TabU  Aowing  tkt  Yertieal  Dutrifnttion  (oontiiiued). 


—  Binuata.  Sow.,  Tir.  elongaU,  £1;^... 

-  Couloni  [E.  sulninuata,  La/m.) 

,  Tar.  dormtUp  Z.(yjn   

,  Tar,  fiilriformia,  GoUlf. 

' ,  Tar.  Hqiiiliiiat  ^^yn.  ,,,...,...., 

yirgola,  fl^fr 


Plwun 
Pecteni 


'•■P 

gatua.  Lam.    . 


-cinotua,  Sow.  (dwarfed  tw.) 

—  cinctiu,  >Sd«f.  (Viomikl  form)  

—  interstristus,  Ltym 

—  itriato-piiDctstiu,  fiom 

Lima,  spec,  nov 

— 'nndata,  2>uJi 

—  elegaiu,  flu;'. 

-,  ipec  noT 

Flintula  pUcunea,  Lam.,  trt. 

AticuIb,  spec.  noT 

Gcrrillta  snoeps?,  fluA. 

PeroaMulkli.flMA 

Inooeramiu  Tenuatului,  Bean,  MS.    ... 

—  OTncsntriciu,  Soto.  ?  (mnall  yar.) 

—  imbrimtus.  Bran,  ll.S. 

Piiiiia  gracilis,  PhiU,    

granulalB,  Soai 

Modiola  (tripartita,  PAtK.  non  Sbw.)  ... 
CuchUkb  •emiris,  lar.  m^or,  L^fnt.  , . . 

Area,  spec.  (oastB} 

Nucula  obtoaa,  Soib. 

,T»r.  pUnata,  .DuA. 

—  {Leda?}Babrecurva,PMf.(N.  napt 

JXOrS.)    

— ,  apoo.  (cute) 

Corbii,  «p 

Lucina  aculpta,  Phill. 

—  cnuwt.  Sow 

—  FoTllandioB.  Sovi. 

Aatarte  levia,  FAUl. 

laticosla,  DoA....'. 

Taocardia  angulata,  PAiZf. 
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Table  showimj  fhe  VertUxiJ  DUtr^ution  (continued). 


:i:i 


iJil 


Diet  is  Sawirrbjii,  Ham.  (v»r.  roojor.).-- 

Ceromja  eicentrica?,  Ag 

Mjaoilra,  so 

Puncipica  pllraU,  H/w.. 

.  NeocomienBis.  OfflA.pp 

ThrociaPliillipsii,  flom.?,  VBT 


Pholm  coristricta,  Hi".  

LitbodomuB,  np 

I  Toredo,  Bp. 

I  Sprpula  Rrliculata,  .SoB! 

I lllLf,)rmL«,  &«^ 

RnliqiiBln,  Sow 

gsslrocha^noides,  iftfiB 

I  TenniculHria  FliiUipsii,  ^on.  Bp.  ... 
[ (rBtereed  tar.)    

Terebmtula  sella,  Smc 

-  dBpreBNSiiaiJ.?  

—  hippopiis,  Uptn -., 

Tcrebrfllulinft striata,  Iln*?., Tar. pecUgo- 

nalis,  J'Aii. 

Waldheimis  celLicii,  .1/  ■■'■;.  ,  ,  ,, 
BhynclioneUasuli-'iitij   /'.'-': 

-  lincolata,  Wi/  -]■. 


Cid«ri«,  Bp 

Pseudodiadtma.  ap.  ... 
Toiuter  camplanHlua, 
FentAcrinuB  engnlatus 


TKXilitX7athii»  conulus.  PiUl.1 

Ifolt. — Beside  the  fossils  included  In  the  above  liai,  there  ia  a  oon- 
siderable  aiimber  fil'  olht-r  specips  In  the  Speeton  Cln^,  not  a  few  of 
"which  appeal-  to  be  ultogether  new  to  science.  In  the  ctue  of  some  of 
those  given,  futiiri!  researchea  wiU  donbtleaa  sboir  their  nnges  to  bft 
mOTe  ostesdcd  than  is  indicated  in  the  table. 
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Appendix  B. — Notes  on  the  distribution  of  some  of  the  Speeton-Clay 

Fossils, 

So  great  is  the  number  of  species  belonging  to  the  Speeton  Clay,  a 
large  proportion  of  them  being  new,  that  I  propose  on  the  present 
occasion  to  notice  only  such  facts  with  regard  to  their  distribution 
as  may  be  necessary  for  establishing  and  illustrating  the  conclusions 
at  which  I  have  arrived  with  regard  to  the  age  of  the  beds.  The 
general  examination  and  description  of  the  fossils  will  be  best  under- 
taken in  connexion  with  those  of  the  Tealby  series  and  the  other 
Neocomian  beds  of  this  country,  and  will  be  more  satisfactorily  per- 
formed after  a  more  extended  comparison  of  them  with  the  fossils 
of  foreign  Neocomian  strata. 

Nautilus. — All  the  species  of  this  genus  as  yet  known  from  Speeton 
have  been  obtained  from  the  "  Cement-beds."  It  is  interesting  to 
find  that  we  have  here  the  whole  of  the  Lower-Greensand  species, 
viz.  N,  radiatuSf  Sow.  (N,  Neocomiensis,  D'Orb.),  N  plicatus,  Sow. 
(N.  Eaquienianus,  D*Orb),  and  N,  pseudo-elegans,  D*Orb.  These 
species  also  occur  in  the  Upper  Neocomian  of  France. 

Belemnites. — Among  the  Belemnites  of  the  Speeton  Clay  there  are 
several  well-marked  species  with  limited  vertical  ranges,  which  afford 
considerable  assistance  in  the  classification  of  the  beds. 

B.  semicanal iculatus  (Blainv.  ?) — This  form  is  certainly  identical 
with  that  found  in  the  Lower  Greensand ;  but  I  have  very  strong 
doubts  as  to  whether  it  is  rightly  referred  to  De  Blainville's  species. 
At  Speeton  it  is  very  abundant  in  the  Upper  Neocomian,  and  scat- 
tered specimens  occur  in  the  Middle  Neocomian. 

B.ja^um,  Phill. — This  well-marked  species  has  received  a  great 
number  of  names — among  others,  B.  minimus,  Sow.  (pars),  B.  fusi- 
formiSfY,  &  B.*(pars),  5.  subfusiformis,  Basp.,  and  B.  2>istillum, 
Rom.  It  is  a  very  variable  form,  and  has  been  split  up  by  some 
French  authors  into  a  great  number  of  species.  At  Speeton  it  is  very 
characteristic  of  the  Middle  Neocomian,  its  metropolis  being  in  the 
"  Ancyloceras-beds."  It  also  ranges  downwards  into  the  Speeton- 
ensis-  and  Noricus-beds,  in  the  latter  of  which,  however,  it  is  ex- 
tremely rare.  The  same  species  is  also  abundant  in  the  Tealby  series 
of  Lincolnshire,  in  the  Hilsthon,  and  in  the  Neocomian  of  France 
and  Switzerland. 

B.  lateralis,  Phill. — This  species,  which  is  the  B,  suhquadratus  of 
Romer,  occurs  in  prodigious  numbers  in  the  zone  oi  Ammonites  Astie- 
rianus.  In  these  beds  it  often  reaches  a  gigantic  size,  some  specimens 
being  8  inches  long,  and  1^  inch  in  diameter.  These  large  specimens 
are  always  remarkable  for  the  eccentric  mode  of  their  growth,  and 
were  among  the  specimens  figured  and  described  by  Young  and  Bird 
as  B.  excentralis.  The  smaller  forms  of  this  species  occur,  though 
but  rarely,  in  the  beds  above  the  zone  of  A,  Astierianus, 

Ammonites, — Although  the  fossils  of  this  group  are  found  in  con- 
siderable abundance  in  the  Speeton  Clay,  their  study  is  nevertheless 
attended  with  very  considerable  difSlculties.  In  a  large  majority  of 
instances  the  specimens  occur  mineralized  by  pyrites ;  and  in  almost 
all  these  cases  it  is  only  the  central  portion  of  the  shell  which  is 
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preserved.  In  a  number  of  the  species  the  adult  forms  are  wholly 
unknown,  while  in  others  the  young  or  fragmentary  specimens  have 
received  different  names  from  the  adult  or  complete  forms  of  the  same 
species. 

A.  Deskai/fsii,  Lcym. — This  Ammonite,  which  is  a  very  variable 
one,  is  contiued,  I  believe,  to  the  upper  division  of  the  Speeton  Clay, 
where  it  is  by  no  means  rare.  It  is  the  J.  Jissicostatus  of  Phillips, 
while  the  A.  curvinodiis  of  the  same  author  is  probably  only  one  of 
the  numerous  varieties  of  it. 

A.  6?p//uwf<?«,  Williamson,  MS.  This  is  a  large  and  well-marked, 
though  undescrihed  species.  It  characterizes  the  Middle  Neocomiau 
at  Speeton,  and  is  also  abundant  in  the  Teulby  series  of  Lincolnshire. 

A.  Spe^tonensis,  Y.  &  B. — This  is  the  most  abundant  of  the 
Speeton  Ammonites.  It  includes  the  A,  venustus  and  the  A,  con- 
cinmis  of  Phillips,  as  well  as  two  other  well-marked  varieties,  one 
a  more  inflated  and  coarser-ribbed  form  than  A.  concinnuSf  and  the 
other  more  compressed  and  with  finer  ribs  than  A.  venustus.  All 
these  forms  pass  into  one  another  by  insensible  gradations ;  none  of 
them  occur,  so  far  as  I  am  aware,  either  above  or  below  the  Spee- 
tonensis-beds  in  the  Yorkshire  deposit.  The  same  group  of  forms 
is  found  at  Potton,  and  in  the  Lower  Neocomian  of  South-eastern 
France. 

A.  Korlcus,  Schloth.,  l^om. — This  is  certainly  the  A,  Neocomitnsis 
of  D'Orbigny.  It  is  by  no  means  a  rare  shell  at  Speeton,  and  re- 
ceived from  the  late  Mr.  Bean  the  MS.  name  of  A.  regalis.  In  the 
zone  which  is  characterized  by  this  species  are  a  number  of  varieties 
of  it,  which  were  considered  to  be  species,  and  received  the  MS. 
names  of  ^.  munitus,  A.  fiirciUatuSf  &c.  When  a  sufficient  num- 
ber of  specimens  is  examined,  they  are  found  to  pass  into  the  normal 
form  of  ^.  NoricHs  hy  insensible  gradations.  Several  of  D'Orbigny's 
Neocomian  species  of  Ammonites  are  certainly  only  varieties  of  this 
species.  The  form  with  a  broad  smootli  back,  which  is  found  at 
Speeton,  and  which  is  certainly  the  A.  consobrimis,  D'Orb.  (A.  eva- 
Udus,  Bean,  MS.),  may  also  be  only  a  variety  of  the  same  species. 

A,  Astierianus,  D'Orb. — This  is  a  most  variable  form.  D'Or- 
bigny  figures  two  very  dissimilar  specimens  as  possibly  male  and 
female  shells.  There  seems  to  be  every  gradation  between  the  com- 
pressed foim,  A.  multiplieatus,  Kom.  (very  well  marked  specimens 
of  which  occur  at  Speeton),  and  the  well-known  highly  inflated  form. 
Although  this  species  is  most  abundant  in  the  beds  which  I  have 
named  after  it,  scattered  specimens  of  it  appear  to  occur  higher  in 
the  series. 

A.  Nisus,  D'Orb. — This  is  undoubtedly  the  A,  planus  of  Phillips, 
though  not  of  Mantoll.  Mantell's  shell  is  only  one  of  the  numerouB 
varieties  of  the  Gault  species  A,  splendens.  The  form  referred  to 
by  Professor  Phillips  as  "  like  parvus  "  is  probably  only  the  young 
of  A,  Nisus, 

A.  rotula.  Sow. — This  is  the  A,  Toungii  (Bean,  MS.),  Y.  ft  B. 
I  have  obtained  specimens  reaching  3^  inches  in  diameter,  and  also 
others  which  are  intermediate  in  size,  and  which  enable  us  to  form 
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a  complete  series  between  the  somewhat  common  young  form  and  the 
rare  adult.  I  have  not  yet  been  able  to  determine  whether  the  form 
named  A.  trisulcosus  by  Phillips  is  really  distinct.  There  can,  how- 
ever, be  little  doubt  that  several  Ammonites  described  by  D'Orbigny 
in  his  group  of  the  Li^ati  are  really  only  forms  of  the  British 
species. 

A,  hystrixy  Phill. — This  is  a  very  well-marked  and  beautiful 
species  occurring  in  the  Astierianus-beds,  where,  however,  it  appears 
to  be  very  rare.  D'Orbigny  records  it  from  the  Lower  Neocomian 
of  South-eastern  France.  It  is  certainly  quite  distinct  from  the  A. 
Mantelli,  a  Lower-chalk  form. 

A,  marginatusj  Phill.,  A.  nucleus,  Phill. — I  was  at  one  time  in- 
clined to  consider  these  as  the  same  species ;  but  the  examination  of 
a  large  series  of  specimens  in  the  Scarborough  Museum  shows  that 
the  former,  even  in  its  younger  stages,  has  the  tubercles  around  its 
umbilicus,  of  which  the  latter  is  destitute.  They  must  therefore  for 
the  present  be  kept  distinct ;  their  adult  forms  are,  so  far  as  I  am 
aware,  altogether  unknown.  The  species  referred  by  Romer  to  A, 
nucleus  is  certainly  quite  distinct  from  the  British  form,  and  appears 
to  belong  to  a  Neocomian  species  not  yet,  I  believe,  found  at  Speeton. 
Ammonites  angulicostatus,  D'Orb. — This  very  interesting  species 
appears  to  form  a  connecting  link  between  the  genera  Ammoniteg 
and  Ancyloceras,  Li  the  young  form  the  whorls  are  in  contact,  but 
with  advancing  age  the  outer  whorl  becomes  slightly  detached  from 
the  others.  By  Quenstedt  this  species  was  regarded  as  belonging  to 
Crioceras.  It  is  well  figured  and  described  by  Pictet  and  De  Loriol, 
*  Terrain  Neocomien  des  Voirons '  (Invertebr^s),  p.  23,  plate  4. 

Several  other  species  of  Ammonites,  some  of  which  appear  to  be 
new,  also  occur  in  the  Neocomian  beds  at  Speeton. 

The  various  coronated  forms  of  Ammonites  which  occur  at  Speeton, 
and  were  called  by  Mr.  Bean  A,  cavatus.  A,  quadrifidus,  &c.,  are 
certainly  identical  with  certain  continental  Portlandian  species,  as 
already  noticed  by  Mr.  Leckenby.  The  cabinet  of  that  gentleman 
contains  the  most  splendid  materials  for  their  study.  I  cannot  help 
thinking  that  they  will  all  prove  to  be  varieties  of  one  species,  thougli 
for  the  present  I  have  kept  them  distinct,  and  called  them  by  the 
names  under  which  they  are  known  on  the  continent. 

Ancyloceras, — Great  as  are  the  difSlculties  attending  the  study  of 
the  Speeton  Ammonites,  they  are  light  in  comparison  with  those 
which  meet  us  in  working  out  the  species  of  the  genus  Ancyloceras, 
In  examining  a  large  series  of  forms  belonging  to  this  group  we  are 
struck  by  their  enormous  powers  of  variation.  Thus  a  specimen 
which  has  grown  to  a  certain  stage  with  simple  ribs,  and  without 
any  appearance  of  spines,  will  suddenly  exhibit  a  most  extraordinary 
development  of  those  appendages ;  and  in  the  same  way  a  most  stri- 
kingly spinous  species  will  as  suddenly  become  smooth.  Now,  in  the 
large  majority  of  instances,  we  find  at  Speeton  small  and  detached 
fragments  of  a  single  whorl  only,  which  for  the  purposes  of  identifi- 
cation and  description  are  absolutely  worthless,  and  which,  if  so  mad^ 
use  of,  can  only  be  sources  of  error.     For  these  reasons  I  ,thiuk  that 
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the  various  species  of  this  group,  founded  by  Young  and  Bird,  Phillips 
and  Romer,  generally  on  the  smallest  fra^ents,  might  with  no  loss, 
but  much  positive  advantage,  to  palaeontology  be  suppressed. 

M.  Astier,  who  by  long  residence  in  the  south-east  of  France  (in 
the  Neocomian  beds  of  which  district  the  forms  we  are  considering 
attain  their  maximum  of  abundance  and  perfection  of  preservation) 
has  had  pecuHar  opportunities  for  studying  the  whole  group,  shows 
that  in  the  great  majority  of  instances,  if  not  in  every  one,  the 
species  hitherto  referred  to  the  genus  Crioceras  really  belong  to 
Ancyloceras,  The  few  Speeton  specimens  of  this  group  approaching 
anything  like  a  state  of  perfect  preservation  which  I  have  been  able 
to  examine  are  certainly  all  referable  to  Jticyloceras,  and  I  have  as 
yet  seen  no  specimen  cleaiiy  belonging  to  Hamites  or  ffamtdina. 

With  much  diflSldence,  I  would  venture  to  indicate  the  following 
as  among  the  species  of  Ancyloceras  in  the  Neocomian  of  Speeton. 
In  the  Cement-bed  occurs  a  form  {Hamites  maximus  and  H.  pUcati- 
lis)  which  seems  to  belong  to  the  same  species  as  specimens  grouped 
together  by  Professor  Forbes  under  the  name  of  Scaphites  grandis. 
In  the  Middle  Neocomian  we  appear  to  have  undoubtedly  the  forms 
originally  described  by  L^veille  as  Crioceras  Duvalii  and  C.  Eme~ 
ricii,  while  lower  in  the  series  occur  two  other  forms,  C.  Puzosianum, 
D*Orb.,  and  a  species  near  this,  but  probably  distinct  (Hamites  ra^ 
ricostatus  and  H.  ohliquecostatus), 

Ostreido!, — Ostrea  Leymeriei,  Desh.,  has,  so  far  as  I  yet  know,  been 
found  only  in  the  highest  beds. 

0.  frons,  Park.,  occurs  in  the  Upper  and  Middle  Neocomian  at 
Speeton. 

Exogyra  sinuatn,  Sow.,  of  the  t3rpical  forms  (E,  latissimay  Lam., 
and  E.  elongata,  Leym.)  occurs  in  tolerable  abundance  in  the  Upper 
and  Middle  Neocomian  beds. 

The  zone  of  Ammonites  Astierianus  is  exceedingly  well  marked  by 
the  abundance  of  the  variety  (subspecies  of  Leymerie)  E.  Covlom,  or 
E.  subsinuata  ;  and  all  of  the  numerous  varieties  of  this  form  de- 
scribed and  figured  by  Leymerie  and  D'Orbigny  may  easily  be  col- 
lected at  Speeton.  The  little  form  E.  parvvla  of  the  former  author, 
which  also  occurs  at  Speeton,  is  probably  only  the  young  of  one  of 
the  others.  A  very  well  marked  form,  however,  is  the  E,  svhpUcata 
of  Eomer,  which  is  confined  at  Speeton,  so  far  as  I  am  aware,  to  the 
Speetonensis-beds. 

It  is  interesting  to  notice  that  many  of  these  species  and  varieties 
were  noticed  in  the  Speeton  Clay  by  Young  and  Bird.  The  typical 
form  of  E,  sinuata  appears  in  the  *  Survey  of  the  Yorkshire  Coast ' 
as  Ostrea  carpax,  0.  frons  as  0.  sinensis  ?,  and  two  of  the  forms  of 
E,  Covloni  as  0.  unguis  and  0.  quadrata. 

Pema  MuUetii,  Desh. — This  very  interesting  and  highly  charac- 
teristio  species  occurs  in  considerable  abundance  in  the  "  Cement- 
beds,"  but  has  not,  1  believe,  been  found  below  that  horizon. 

Lima, — Several  remarkably  fine,  species  of  this  genus,  some  of 
which  are  new,  occur  in  the  "  Cement-beds  "  at  Speeton.  A  beau- 
tiful new  species  oiAvicula  occurs  likewise  in  these  beds. 
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Myadas. — Fanopceci  plicata,  Sow.,  sp.,  and  F,  Neocoiniensis^  Desh., 
sp.,  both  occur  in  the  Speeton  Clay,  the  latter  being  very  abundant 
throughout  the  Neoconiian  beds. 

Pholadomya  Martini,  Forbes. — Remarkably  fine  specimens  of  this 
shell  occur  both  in  the  Upper  and  Middle  Neocomian  of  Speeton. 

Thraeia  FhilUpsii,  Edm.,  occurs  in  the  Middle  and  Lower  Neoco- 
mian, while  a  more  elongated  species  or  variety  is  found  in  the  upper 
beds. 

Thetis  Sowerhyiy  Eom. — Both  the  varieties  of  this  shell,  so. 
abundant  in,  and  characteristic  of,  the  Lower  Greensand,  are  found 
in  the  **  Cement-beds  "  at  Speeton. 

Toxaster  complanatus,  Ag.  sp. — Of  this  most  highly  characteristic 
Neocomian  fossil  the  only  known  specimen  from  the  Speeton  Clay 
is  in  the  Scarborough  Museum.  This  fossil  was  identified  by  Agassiz 
himself  in  1838.  Its  rarity,  like  that  of  all  the  more  delicate  fossils, 
is  accounted  for  by  the  large  quantity  of  easily  decomposing  pyrites 
which  the  lowest  Neocomian  beds  at  Speeton  contain.  This  species, 
which  is  so  very  abundant  in  the  Neocomian  limestone,  has  received 
a  great  number  of  names,  among  which  are  Holaster  complaruitus, 
Ag.,  Spatangus  retusus,  Lam.,  S,  helveticus,  Defr.,  and  S,  argiUaceus, 
PhiU. 

A  Cidaris,  with  beautiful  muricated  spines  like  some  of  the  French 
Neocomian  forms,  and  a  Fseudodiadema,  with  smooth  spines,  occur 
in  the  "  Cement-beds  *'  at  Speeton. 

Fentacrinus  angvlatus,  Rom.,  and  P.  Fittoni  ?  occur  in  the  upper 
and  the  middle  beds  of  the  Speeton  Neocomian. 

Appendix  C. — On  the  Ecoixomic  Froducis  of  the  Speeton  Clay, 

The  Speeton  Clay  is  not  altogether  without  interest  in  a  commer- 
cial point  of  view.  For  the  last  thirty  years  past  the  inhabitants  of 
the  neighbouring  villages  have  been  in  the  habit  of  digging  at  the 
surface  of  the  cliff  the  large  septaria  of  the  "  Cement-bed ;"  these, 
as  they  were  accumulated  in  sufficient  quantities,  were  transported 
from  time  to  time  to  Hull  by  coasting  vessels.  But  during  the  last 
five  or  six  years  the  cliff  has  been  leased  from  the  lord  of  the  manor, 
and  the  *'  cement-stones  "  have  been  found  so  valuable  as  to  induce 
the  undertaking  of  regular  mining-operations.  The  mode  of  work- 
ing is  as  follows : — Timbered  adits  are  driven  into  the  cliff  at  points 
below  the  outcrop  of  the  "  Cement-bed  ;"  it  has  already  been  shown 
that  the  beds  of  the  Speeton:  clay  dip  inland  at  a  considerable  angle, 
consequently  these  adits  sooner  or  later  meet  the  Cement-bed ;  when 
this  occurs,  galleries  are  driven  in  every  direction  in  the  bed  itself, 
the  material  and  refuse  b^ing  carried  out  in  small  waggons  run- 
ning on  tramways  which  are  laid  down  in  the  adits,  llie  stone  is 
now  usually  conveyed  to  Hull  by  railway. 

The  peculiar,  light-coloured,  fine-grained,  argillaceous  limestone  of 
the  Speeton  sept^a  is  manufactured  into  Roman  cement,  for  which 
purpose  it  is  very  highly  prized.  The  cement  made  from  it  is  said 
to  be  particularly  valuable,  on  account  of  the  rapidity  with  which 
it  sets  and  from  its  not  being  liable  to  crack  in  dr^'ing.     In  these. 
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respects  it  is  much  superior  to  the  cement  made  from  the  lias 
nodules  obtained  at  WTiitby.  Upwards  of  1000  tons  of  the  septaria 
are  annually  sent  from  Speeton  to  Hull. 

The  light-coloured,  very  tenacious  clay  in  which  the  **  cement- 
stones"  are  imbedded  produces  a  very  fine  quality  of  Portland 
cement ;  but  very  little  of  it  is  at  present  exported,  on  account  of  the 
cost  of  carriage. 

The  "  Coprolite-bcd  '■  at  Speeton  was  first  discovered  on  the  shore, 
when  the  sand  and  shingle  had  been  removed  by  a  storm,  and  after- 
wards traced  up  into  the  cliff.  It  is  now  worked  by  adita  in  pre- 
cisely the  same  way  as  the  "  Cement-bed ;"  but,  as  it  only  averages 
five  inches  in  thickness,  this  expensive  mode  of  working  is  found  to 
be  scarcely  remunerative,  and  is  likely  to  be  soon  abandoned.  About 
600  tons  of  the  "  Coprolites  "  are  annually  exported  from  Speeton 
Cliff.  They  consist  of  very  dark -coloured,  almost  black  stone,  con- 
taining much  pyrites,  and  mingled  with  worn  casts  of  shells.  Samples 
tolerably  fice  from  the  investing  clay  yield  fit)m  57  to  61  per  cent, 
of  phosphates. 

Inland  several  of  the  beds  of  the  Speeton  Clay  are  worked  for 
brick-making. 

For  most  of  these  particulars  I  am  indebted  to  Mr.  E.  Hunter,  the 
present  lessee  of  Speeton  Cliff,  who  has  kindly  furnished  me  with  a 
number  of  details,  with  permission  to  make  any  use  of  them  I  might 
see  fit. 

There  now  only  remains  the  pleasing  duty  of  expressing  my 
obligations  to  the  gentlemen  who  have  assisted  me  in  this  investi- 
gation. To  Mr.  Etheridge,  who  has  devoted  much  time  to  a  tho- 
rough revision  of  my  lists  of  species,  I  am  particularly  indebted,  as 
well  as  to  Mr.  Davidson,  who  has  furnished  me  with  some  valuable 
notes  on  the  Brachiopoda.  To  Mr.  Leckenby,  of  Scarborough,  my 
thanks  are  especially  due,  not  only  for  the  use  of  his  magnificent 
collection,  but  for  the  communication  of  many  facts  which  the  cir- 
cumstence  of  his  being  a  resident  in  the  neighbourhood  had  given 
him  peculiar  opportunities  of  accumulating.  Lastly,  to  the  Curators 
of  the  various  Yorkshire  and  other  museums,  and  particularly  to  Mr. 
Henr>'  Woodward,  of  the  British  Museum,  I  desire  to  ezpiess  my 
acknowledgments  for  the  facilities  they  have  always  so  readily 
granted  to  me  for  studying  the  collections  under  their  care. 


2.  Notice  of  the  Hessle  Dbift,  as  it  appeared  in  Sectioks  above 
FoBTY  Yeabs  since.  By  John  Phillips,  Esq.,  M.A.,  D.C.L.,  E.R.S., 
F.G.S.,  Professor  of  Geologj'^  in  the  University  of  Oxford. 

The  progress  of  modem  research  has  brought  before  us,  on  a  great 
scale  and  under  various  aspects,  a  subject  which,  until  the  series  of 
strata  began  to  be  studied  by  W.  Smith,  had  literally  no  place  in 
British  geology.  By  that  observer,  first  of  all  men,  the  **  supexfloial 
deposits,"  as  they  were  called,  were  separated  from  the  **  regular 
strata,"  and  referred  to  a  different  and  more  tumultuous  origiiu 
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Dr.  Buckland  popularized  this  idea,  and,  under  the  title  of  "  diluvial " 
deposits,  presented  a  great  number  of  important  observations  relating 
to  the  final  operations  on  our  land  of  the  waters  of  the  sea,  followed 
by  river-floods  and  ordinary  atmospheric  action*. 

Modern  research  has  convinced  us  that,  instead  of  that  diluvial 
accumulation  being  the  work  of  one  transitory  and  confused  dis- 
turbance of  the  level  of  sea  and  land,  there  were  successions  of 
drifted  deposits,  under  different  conditions,  having  unequal  distribu- 
tions, and  peculiar  local  directions.  We  have  not  merely  translated 
the  antique  "  diluvial "  into  the  modem  "  drift ;  "  the  abnormal 
cataclysm  has  become  an  intelligible  series  of  local  sea-actions  and 
limited  displacements  of  land ;  the  crisis  has  become  a  period : 
Preglacial  and  Postglacial  eras  are  marked  in  time,  and  charac- 
terized by  successive  races  of  animal  and  vegetable  residents. 

Those  who,  like  myself,  had  to  struggle  with  the  Boulder-clays 
and  northern  drift  more  than  forty  years  ago,  without  the  aid  of 
glaciers  and  icebergs,  and  with  no  clear  theory  of  the  changes  of 
level  of  land  or  sea,  were  apt  to  leave  out  of  our  local  descriptions 
phenomena  which  seemed  merely  perplexing,  or  merely  exceptional. 
Yet  we  attempted,  even  then,  to  express  some  ideas  of  the  succession 
among  diluvial  beds ;  and  we  now  recognize  in  the  full  descriptions 
of  the  cliffs  of  Yorkshire  and  Norfolk  the  facts  which  we  had  seen  as 
clearly,  but  had  not  been  able  to  enunciate  in  language  suited  to 
their  importance,  or  conformable  to  modern  theory. 

In  the  notices  which  have  been  presented  to  the  Geological 
Society  of  late  years  touching  the  drift-deposits  of  the  South  York- 
shire coasts,  reference  is  usually  made  to  a  description  which  I  gave 
in  1829,  and  repeated  in  1836,  of  some  sheU-bearing  gravels  near 
Bidgemontt,  and  some  ossiferous  gravels  and  Boulder-clays  at 
Hesslet.  But  these  descriptions  were  too  brief  to  give  a  sufficient 
idea  of  what  was  observed ;  so  that  in  the  former  case  it  does  not 
seem  to  have  occurred  to  the  authors  referred  to  that  the  sheUy  gravels 
were  regarded  by  me  as  lying  in  the  BovUder-clay  series^  and  were 
described  in  this  relation  by  reference  to  Dimlington,  Skipsea, 
Brandsburton,  and  Paghill.  In  regard  to  the  Hessle  deposit,  it  secma 
desirable  to  present  the  original  observations,  made  in  April  1826, 
because,  as  I  am  informed,  the  sections  now  to  be  seen  in  the  pits 
are  neither  so  clear  nor  so  extensive  as  they  were  when  I  first  ex- 
amined them. 

These  sections  and  descriptions  are  given  without  any  change. 

"  12  April  1826. 

''  Walked  to  Hessle,  ka.  The  gravel  lies  over  chalk  and  flint, 
itself  composed  of  such  fragments. 

"(a)  Thick  bed  of  brown  and  blue  clay,  with  chalk,  &c.  At  No.  3, 
further  on,  it  contains  coal,  chalk,  flints,  granites,  gneiss,  syenite, 
limestone  (red  and  blue),  porphyry,  homstone ;  and  I  found  what 
seemed  an  elephant's  tusk. 

*  Reliquis  DUuriane,  1823. 

t  C^l.  of  Yorkahire,  vol.  i.  ad.  i.  p.  52,  ad.  ii.  p.  iSS. 

X  lUd.  ad.  ii.  p.  20, 
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"  (b)  The  snme  (smaller)  graycl,  in  thin  layers,  alternating  witii 
pretty  thick  bands  of  silt  (n  finer  deposit),  which  are  regular  here, 
and  took  like  the  recent  marine  and  fluriatile  deposits,  bat  at  (2) 
are  curved,  so  aa  to  look  like  diluvial  action,  likewise  there  leu 
regular  and  not  ho  abundant. 

Fig.  1. 


"(c)  Gravel,  chiefly  of  chalk  and  flint,  in  small  fragments,  a  few 
marks  of  coal,  some  pieces  of  shelly  lias;  bones  of  bone,  the  teeth 
and  metatarsals  sound,  other  bones  rotten. 

"  (d)  Chalk,  at  bottom  solid,  with  large  flints  at  and  near  the  top." 
In  my  researches  on  the  diluvium  of  the  Torkshire  coast  (1829), 
I  rapressly  rejected,  as  entirelj-  without  foundation,  the  Bnpposition 
which  had  then  some  currency,  that  the  forest- remains  in  the  Holder- 
newt  district  were  "  ftntediluvial,"  like  some  of  the  forest-beda  on 
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the  Norfolk  coast.  But  in  regard  to  the  lowest  Hessle  gravels, 
which  rest  upon  chalk  and  are  covered  by  Boulder-day,  I  had 
always  a  difterent  opinion ;  and  when,  in  1853*,  I  published  a 
classification  of  Yorkshire  deposits,  in  which  the  terms  Pregladal, 
Glacial,  and  Postglacial  were  employed,  these  gravels,  as  well  as  the 
contents  of  Kirkdale  Cave,  were  counted  by  me  bs  of  Prealaeial  date, 
while  the  Bridlington  Crag  was  regarded  as  only  a  little  later  than 
the  Upper  Crag  of  Norfolk. 

Now  all  this  is  changed ;  the  cavern-mammalia  are  regarded  as 
Po8tgI<tcial,  the  Hessle  clay  becomes  an  upper  Boulder-day,  and  the 
Bridlington  Crag  is  treated  as  a  part  of  the  same  great  series  of 
drift  deposits,  after  suiFering  divorce  from  its  partner  in  Norfolk. 

While  these  questions  are  still  sub  judice^  fresh  evidence  may 
bo  admissible.  I  have  something  to  offer  on  each  of  them,  but  at 
present  limit  my  remarks  to  the  Hessle  section  of  Boulder-clay, 
gravelly  drifts,  and  chalk. 

The  Hessle  clay,  if  it  be  the  upper  part  of  the  great  Holdemess 
deposit,  and  not  met  with  beyond  the  outcrop  of  the  chalk,  must 
be  designated  as  a  third  Boulder-clay ;  for  everywhere  north  of  the 
promontory  of  Flamborough — at  Speeton,  Filey,  Scarborough,  and 
Whitby — the  Boulder-clay  is  in  two  layers,  separated  by  gravels  and 
sands,  or  sands  only,  water  not  unfrequently  coming  out  of  the  in- 
termediate layer.  It  is  quite  possible  that  this  series  of  clays  may 
really  be  triple ;  it  is  certainly  double  at  several  points,  both  north 
and  south  of  Flamborough  Head. 

The  clays,  full  of  fragments  of  various  rocks,  which  appear  north 
of  Flamborough  Head,  were  certainly  deposited  on  a  previously 
waterwom  surface.  The  level  vale  of  Pickering,  partly  formed 
upon  a  surface  of  Boulder-clay,  may  be  regarded  as  a  large  Pregladal 
vale,  or  sea-loch,  which  became  blocked  during  the  Glacial  depres- 
sion by  drift  at  its  eastern  end.  Through  this  drift  short  streams 
have  since  cut  their  way  to  the  sea,  to  which,  in  earlier  times,  the 
Derwent  had  probably  flowed  by  a  short  and  rapid  course,  accom- 
panied, most  likely,  by  the  Seven,  Rye,  and  other  western  waters, 
which  now  descend  to  the  Humber  tlm)ugh  the  gorge  at  Malton. 

In  like  manner  Scalby  Beck,  north  of  Scarborough,  runs  in  a 
channel  which  it  has  cut  through  drift,  which  drift  Ues  in  an  older  and 
broader  valley,  cut  into  the  sandstones  and  shales  in  Pregladal  times. 
Just  such  phenomena  appear  in  the  broken  cliffs  and  road-cuttings 
between  Whitby  and  Sandsend :  a  broad  old  hollow  of  Upper  lias 
has  been  heaped  full  of  northern  drift,  through  which,  at  a  later 
time,  the  small  streams  have  won  their  uneven  way  to  the  sea. 

On  the  surface  of  the  subjacent  rocks,  under  the  drift,  there  is  to 
be  seen,  at  a  few  places,  a  peculiar  rubble,  composed  mostly  of  por- 
tions of  these  rocks,  much  like  what  is  occasionally  seen  at  the 
surface  of  strata  which  have  been  exposed  to  disintegration  by  at- 
mospheric agency,  and,  Uke  that,  occasionally  displaced  (Filey  Brig). 

By  observations  of  the  same  Idnd  at  Dane's  Dyke  and  other  chalk 
vallep  filled  with  drift  south  of  Flamborough  Head,  the  same  pro- 
*  Birers.  Mountains,  and  Sfla^Coast  of  Yorkshire,  18d3. 
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position  is  supported,  viz.  that  in  diluvial  soils,  and  even  ''  in  solid 
strata,  small  valleys  have  been  excavated  by  the  streams  which  run 
in  them,  or  else  by  postdiluvial  floods"  *  ;  while  often  below  them, 
and  below  the  drift  in  which  they  are  found,  Preglacial  valleys  of 
greater  amplitude  occur,  whose  now  subterranean  surface  is  covered 
by  gravel,  sand,  and  conglomerate,  distributed  as  if  by  atmospheric 
agency  before  the  expansion  of  the  Glacial  sea. 

Turning  now  to  the  sections  of  Hessle  cliff,  we  see,  upon  the 
wasted  surface  of  the  chalk,  accumulations  similar  to  those  just 
mentioned  on  the  chalk  cliffs  north  of  Bridlington.  They  appear  to 
me  to  be  of  the  same  geological  age,  and  I  have  regarded  the  ele- 
phants and  horses  which  they  contained  as  of  Preglacial  date. 

I  am  disposed  still  to  favour  this  opinion  ;  for  though  the  removal 
of  the  Hessle  clay  to  a  higher  place  in  the  series  than  was  assigned  to 
it  deprives  me  of  one  support  to  my  argimient,  there  are  still  grounds 
to  be  relied  on.  In  the  first  place,  there  is  no  proof  that  these 
beds  are  marine,  but  a  strong  presumption  to  the  contrary,  from  the 
considerable  abundance  of  land  mammalia  found  in  them,  especially 
EUphas  primigenius  and  horse.  And,  secondly,  beds  of  this  order, 
composed  of  chalk  and  flint  fragments,  not  only  are  not  known  to 
occur  in  the  midst  of  the  fioiilder-clay,  but  can  hardly  be  imagined 
to  exist  there.  And,  thirdly,  the  Boulder-clay  rests  on  them  without 
conformity. 
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Arthur  Humphrys  Foord,  Esq.,  12  Woodland  Terrace,  Black- 
heath  ;  Rev.  Robert  Hunter,  M.A.,  9  Mecklenburgh  Street,  W.C. ; 
Frederick  Newman,  Esq.,  Civil  Engineer,  51  Belsize  Road,  St. 
John's  Wood ;  and  Hugh  Seymour  Tremenheere,  Esq.,  Tremenheere, 
Cornwall,  were  elected  Fellows. 

The  following  communication  was  read : — 

1.  On  the  Physical  Geography  of  Argyllshibs  in  connexion  with  its 
Geological  Structure.  By  His  Grace  the  Duke  of  Argyll,  K.T., 
F.R.8.,  F.G.8. 

In  a  work  published  in  1865  upon  "  The  Scenery  of  Scotland  viewed 
in  connexion  with  its  Physical  Geology,"  Mr.  Geikie  has  set  forth 
with  much  ability  certain  theories  upon  that  subject  which  seem  to 
be  gaining  ground  with  the  younger  school  of  geologists. 

Not  believing  in  the  truUi  of  those  theories,  I  have  selected  the 
work  referred  to  as  the  best  text  I  covld  find  for  the  purpose  of 
bringing  them  under  discussion.  Although  a  popular  treatise,  the 
work  of  Mr.  Geikie  is  at  once  elaborate  and  systematic.  It  states 
the  questions  in  dispute  with  great  distinctness.  I  propose  there- 
fore in  this  paper  to  deal  with  the  theory  of  the  '*  Erosionists  ^  as 
I  find  it  there  defined  and  there  defended. 

According  to  these  theories  subterranean  movements  and  commo- 
*  Geol.  of  Yorkshire,  vol.  i.  ed.  i.  p.  71,  ed.  ii.  p.  43. 


256  PROCEEDINGS  OF  THE  OBOLOGICAL  •OCIBTT.  [Feb.  5, 

lions  have  had  comparativelj  very  littJe  to  do  with  the  origin  of  the 
hills  aud  vaUeys  of  the  Highlands.  Their  form  is  mainly  doe  to 
atmospheric  powers  of  waste  acting  slowly  and  gradually  through 
uncounted  *'  millions  of  years."  The  mountains  have  been  carved 
out  of  the  original  thickness  of  the  strata  of  which  they  are  eom* 
posed.  The  valleys  are  nothing  but  the  hollows  out  of  which  vast 
masses  of  material  have  been  removed ;  and,  further,  this  removal 
has  not  been  effected  by  convulsions  of  any  kind,  but  merely  by  the 
streams  which  now  occupy  the  bottom  of  Uie  glens,  and,  during  the 
Glacial  period,  by  continuous  masses  of  ice  which  passed  downwards 
from  a  few  central  ridges  to  the  sea.  This  theory  is  stated  and  re- 
stated in  many  forms,  with  some  variety  as  to  the  amount  of  allow- 
ance made  for  subterranean  movements,  but  always  with  a  caieftil 
limitation  of  that  allowance  to  just  so  much  of  it  as  will  help  the 
favourite  theory,  and  will  not  embarrass  it.  I  quote  one  of  these 
forms  of  statement  that  we  may  have  the  theory  before  us  in  the 
author's  words,  ^*  The  conclusion,  therefore,  to  which  an  attentive 
examination  of  the  present  surface  of  the  country  points,  is  that 
although  the  rocks  have  unquestionably  suffered  much  from,  subter- 
ranean commotions,  it  is  not  to  that  cause  that  the  present  external 
forms  are  chiefly  to  be  traced ;  that  the  mountains  exist,  not  because 
they  have  been  upreared  as  such  above  the  valleys,  but  because  their 
flanks  having  been  deeply  cut  away,  they  have  been  left  standing 
out  in  relief;  and  that  the  valleys  are  there  not  by  virtue  of  old 
rents  and  subsidences,  but  because  moving  water,  with  its  help- 
mates frost  and  ice,  has  carved  them  out  of  the  solid  rock.^ 

Now,  as  regards  at  least  that  large  area  of  the  West  Highlands 
which  is  included  in  the  county  of  Argyll  and  its  adjacent  islands, 
my  belief  is  precisely  the  reverse  of  the  theory  here  stated — that 
although  the  atmospheric  agencies  of  waste  have  produced  great 
modifications  of  the  surface,  the  form  of  the  hills  and  valleys  has  in 
the  main  been  determined  by  the  action  of  subterranean  forces,  that 
the  mountains  have  not  been  cut  or  carved  out  of  the  thickness  of 
some  ancient  tableland,  but  have  mainly  arisen  from  upheavals  and 
subsidences,  and  lateral  pressures,  which  have  folded  them  and 
broken  them  into  their  present  shapes — that  the  work  done  hy 
rivers  in  excavating  their  own  course  has  been  comparatively  small, 
that  they  have  not  cut  out  for  themselves  the  valleys  in  which  fhey 
flow,  but  have  taken  channels  determined  for  them  by  movements 
from  beneath. 

In  conducting  this  argument,  then,  let  us  look  in  the  fint  place  &r 
such  facts  as  are  admitted  on  both  sides,  and,  if  there  be  any,  Ibr  sooh 
principles  applicable  to  those  fiicts  as  are  not  capable  of  dispute.  In 
this  case  it  is  satisfactory  to  find  that  both  in  respect  to  fiust  and  to 
principle  there  is  at  least  some  common  ground  to  start  firom. 

First,  there  is  the  fact  that  the  mountains  of  the  Highlands  are 
composed  for  the  most  part  of  strata  which  are  not  horisontal,  bat 
inclined  at  every  variety  of  angle.  This  cannot  be  stated  in  langnage 
more  expressive  than  that  emp^yed  by  Mr.  Oeikie  h™— !tf-  He  m^ 
'*  The  strata  of  sand  and  mud,  accumulated  to  a  depth  of  thooaands  of 
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feet  over  the  sinking  floor  of  the  old  Silurian  Ocean,  have  been  crum- 
pled up  into  endless  folds  and  puckerings,  of  which,  as  may  be  seen  on 
the  map,  the  long  axis,  or  *  stnke,'  runs  generally  in  a  north-easterly 
and  south-westerly  direction.  When  the  wind  blows  from  the  N.W. 
the  sea  is  roughened  with  long  broken  lines  of  wave  stretching  from 
S.W.  to  N.E.  and  rolling  in  towards  the  8.E. ;  so,  over  the  Scottish 
Highlands,  the  gneissose  and  schistose  rocks  have  been  tossed,  as  it 
were,  by  a  long  swell  from  the  N.W.  into  numerous  wave-like 
plications  that  follow  each  other,  fold  after  fold,  and  curve  after 
curve,  from  Cape  Wrath  to  the  Lowland  border." 

Let  us  now  consider  for  a  moment  what  is  involved  in  this  fact. 
Those  "  waves,*'  those  "  foldings,"  those  "  puckerings,"  those  crum- 
plings  of  the  strata  are  due  of  course  to  subterranean  force.  When 
those  forces  were  in  operation,  when  the  movements  due  to  them 
took  place,  these  movements  must  have  been  transmitted  to  the 
then  surface  of  the  ground.  It  matters  not  what  that  surface  may 
have  been,  nor  whether  it  was  dry  land  or  a  sea-bottom.  If  the  beds 
when  suffering  dislocation  were  themselves  at  or  near  the  surface, 
then  of  course  that  surface  would  directly  represent  and  reproduce 
the  subterranean  movement  If  they  were  not  near  the  surface,  but 
covered  at  the  time  by  other  rocks,  still  those  rocks  must  have  par- 
taken more  or  less  of  the  dislocations  which  were  going  on  below. 
It  is  impossible  that  superincumbent  strata  should  have  maintained 
an  undisturbed  position  when  the  lower  rocks  on  which  they  rested 
were  being  "  crumpled "  and  "  puckered,'*  and  tossed  into  waves 
which  can  only  be  likened  to  waves  of  the  sea.  In  either  case, 
therefore,  the  then  existing  surface  of  the  earth  over  the  whole 
area  under  which  these  movements  prevailed  must  have  had  its 
shape  and  contour  powerfully  afiected  by  them. 

Now  let  us  advance  a  step  further.  Two  suppositions  are  possible . 
as  regards  the  position  of  the  surface  which  must  have  been  so 
affected.  It  may  have  been  a  surface  already  raised  into  dry  land, 
or  it  may  have  been  a  surface  wholly  lying  beneath  tiie  waters  of 
the  ocean.  In  the  case  of  its  having  been  dry  land,  the  old  lines  of 
drainage  would  necessarily  be  changed  by  the  changed  inclinations 
of  the  ground. 

These  would  determine  anew  the  course  of  streams  and  all  the 
other  atmospheric  agencies  of  erosion.  It  matters  not  whether  the 
contortions  of  the  underlying  strata  were  slow  or  comparatively 
sudden.  The  overlying  surface  must  foUow  the  movements  of  its 
support ;  and  however  modified  by  materials  bearing  different  degrees 
of  tension,  there  must  have  been  established  from  time  to  time  a 
general  conformability  between  the  "  crumples,"  the  "  waves"  below 
and  the  hoUows  and  the  heights  above.  Again,  let  us  take  the 
other  case.  Let  us  suppose  that  the  whole  suiface  affected  was 
beneath  the  ocean  when  its  underlying  support  began  to  be  tossed  and 
crumpled.  It  is  in  the  highest  degree  improbable  that  subterranean 
movements  so  extensive  should  not  have  been  accompanied  by  some 
changes  in  the  distribution  of  land  and  sea.  Supposing  the  dis- 
turbed strata  to  have  been  wholly  under  water  when  the  movement 
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began,  it  is  in  the  highest  degree  improbable  that  they  all  re- 
mained under  water  by  the  time  it  ended.  Even,  therefore,  in 
the  case  supposed,  it  is  probable  that  the  same  movement  which 
rolled  and  crumpled  th(j  strata,  elevated  at  the  same  time  into  dry 
land  great  portions  of  the  bed  of  the  sea.  The  form,  again,  in 
which  that  sea-bed  rose  above  the  waves  would  be  determined  by 
the  lines  of  subterranean  elevation,  and  along  those  lines  tho  new 
agencies  of  atmospheric  denudation  would  be  compelled  to  act.  The 
theorist,  therefore,  who  maintains  that  movements  of  such  tremendous 
power  as  those  which  are  admitted  to  have  tossed  the  strata  of  the 
Highland  mountains,  have  nevertheless  had  but  a  subordinate  part 
in  determining  the  existing  physical  geography  of  tho  country,  can 
have  only  one  other  hypothesis  to  suggest.  He  must  suppose  that 
the  strata  of  tho  Highlands,  after  all  the  tossing  and  crumpling,  and 
the  movements  affecting  them  were  ended,  still  remained,  or  were 
subsequently  again  submerged  under  the  sea,  and  that  thousands  of 
feet  of  new  beds  were  laid  down  unconformably  upon  them,  filling 
in  all  their  folds,  and  covering  up  all  their  crests.  He  must  further 
suppose  that  these  more  recent  deposits  were  again  raised  by  some 
new  movement  coming  from  a  different  quarter,  and  along  different 
lines  of  (flevation.  Then,  indeed,  these  new  lines  of  elevation  would 
be  also  the  new  lines  of  drainage,  and  the  heights  and  hollows  of  the 
new  country  might  have  little  or  no  reference  to  the  old  "  tossings  " 
which  lay  buried  underneath. 

This  accordingly  is  the  theory  which  Mr.  Geikie  adopts  in  some 
passages  of  his  work,  although  it  is  wholly  inconsistent  with  facts 
which  in  other  passages  he  himself  admits.  He  states  broadly  that 
little  or  nothing  of  the  surface  which  we  now  sec  is  due  to  the 
squeezing,  crumpling,  and  breaking  to  which  the  strata  have  been 
subjected.  He  says : — "  These  changes  went  on  beneath  the  sur&co 
under  a  vast  thickness  of  rock  which  has  since  been  worn  away. 
There  is  now  no  trace  of  the  original  effects  produced  by  these  un- 
derground movements  upon  tho  exterior  of  the  earth's  '  crust.'  If 
they  ever  made  any  show  there  at  all  (which  seems  to  me  by  no 
means  certain),  they  have  been  effaced  long  ago." 

To  estimate  the  boldness  of  this  assertion  wo  have  only  to  follow 
the  hypotheses  it  involves,  and  then  to  compare  these  hypotheses 
with  admitted  facts  relative  to  the  structure  of  the  country.  Let  it 
be  conceded  that  the  contorted  strata  which  now  constitute  the 
mountains  of  Argyllshire  were  once  covered  by  a  great  superincum- 
bent mass  of  Old  Red  Sandstone.  Let  it  be  conceded  also  that  this 
superincumbent  mass  was  wholly  unconformable  to  the  convoluted 
rocks  beneath,  and  tliat  when  raised  into  dry  land  it  presented  a 
surface  whose  outlines  had  no  reference  to  tiie  old  folded  schists. 
In  this  case  it  is  of  course  quite  possible  to  suppose  that  lines  of  de- 
pression in  this  Old-Red-Sandstone  country  might  correspond  with 
lines  of  elevation  in  the  more  ancient  rodks  below,  or  might  cut 
across  them  at  every  variety  of  angle  and  inclination.  Now  let 
us  trace  out  what  must  have  happened  in  some  such  instance.  Let 
us  suppose  the  Old -Red-Sandstone  depression  running  along  a  line 
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which  was  a  line  of  ridge  and  of  elevation  in  the  older  rocks.  The 
streams  of  water,  or  of  ice,  or  of  both,  which  would  follow  in  that 
depression,  would  bo  so  guided  in  their  work  that  the  valley  would 
be  cut  deeper  and  deeper,  until  at  last,  according  to  Mr.  Qeikie's 
theory  of  erosion,  after  millions  of  years,  the  cutting  would  reach 
the  slaty  rock  which  originally  had  been  thousands  of  feet  under- 
ground. That  rock,  at  the  point  so  reached,  might  be  (as  regards  its 
own  geological  structure)  not  a  depression  but  an  elevated  ridge. 
The  crown  of  that  ridge  would  then  begin  to  be  cut  away,  provided 
the  containing  walls  of  the  Old  Bed  Sandstone  valley  continued 
during  further  ages  to  guide  and  constrain  the  stream  in  the  same 
line  of  cutting.  We  must  now  suppose  that  this  guidance  continued 
so  long  that  the  underlying  slates  have  been  carved  and  exca- 
vated into  a  deep  glen.  We  should  then  have  a  glen  excavated  along 
the  top  and  out  of  the  anticlinal  ridge  of  an  old  Silurian  hill;  what 
had  once  been  the  bowels  of  a  mountain  would  thus  be  one  of  the 
containing  sides  of  a  valley.  And  so  over  the  whole  area  of  the 
Highlands  we  can  suppose  that,  through  the  means  and  interven- 
tion of  an  overlying  country  of  sandstone,  the  underlying  beds  of 
slate  came  to  be  cut  and  carved  along  lines  which  had  not  the 
smallest  reference  to  their  own  foldings  and  convolutions.  This  is  an 
ingenious  hypothesis,  but  it  displays  only  half  the  ingenuity  required. 
Having  called  the  Old-Kcd-Sandstone  country  into  existence  for  the 
purpose  of  the  hypotheses,  we  must  for  the  same  sake  get  rid  of  it 
again.  And  not  only  must  we  get  rid  of  it,  but  we  must  get  rid  of 
it  in  a  very  peculiar  manner.  If  it  were  destroyed  by  the  help  of 
new  upheavals  from  below,  these  new  upheavals  would  establish 
new  lines  of  drainage  through  the  whole  thickness  of  the  strata  thej 
affected,  including  both  the  sandstones  above  and  the  slates  below : 
and  this  new  system  of  drainage  could  not  but  entirely  alter  the 
former  system,  which  had  been  constructed  when  the  strata  were  at 
rest.  That  new  system  would  come  to  be  in  general  conformity 
with  the  new  geological  structure  given  by  the  last  upheaval.  But 
this  would  never  do :  what  we  have  to  account  for,  according  to  the 
theory,  is  a  country  showing  no  trace  of  original  effects  produced  by 
underground  movements.  We  must  therefore  get  rid  of  the  whole 
sandstone  country  without  any  serious  disturbance.  It  must  be  done 
very  gently,  by  nothing  more  violent  than  what  Shakespeare  calls 
«<  the  gentle  rain  from  heaven ; "  and  yet  it  must  be  done  so  com- 
pletely that  over  the  whple  area  of  the  central  Highlands  not  a  frag- 
ment, not  a  pebble,  of  this  great  sandstone  country  shall  be  left 
behind.  And  if  for  this  purpose  it  be  desirable  to  call  in  the  agency 
of  the  sea,  then  we  must  suppose  that  the  country  was  just  £pped 
under  the  ocean,  so  slowly  and  so  gradually  that  when  every  morsel 
of  the  sandstones  shall  have  been  washed  away,  the  old  slates  may 
again  be  lifted  as  slowly  into  the  air  with  the  river-system  unbroken 
and  untouched,  which  had  been  due,  not  to  its  own  structure  but  to 
the  structure  of  other  rocks  now  removed.  In  this  way,  and,  so  far  as 
I  see,  in  no  other  way,  could  we  account  for  a  country  with  folded 
and  contorted  strata,  and  nevertheless  with  a  system  of  hill-valleys 
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bhowing  no  trace  of  the  original  subterranean  movements  to  which 
those  contortions  are  due. 

In  straining  our  eyes  through  the  darkness  of  past  time  to  ima- 
gine, as  best  we  can,  the  methods  of  operation  through  which  nature 
has  attained  the  results  which  we  now  see,  compulsion  is  laid  upon 
us  to  entertain  many  now  and  strange  conceptions  of  the  things 
which  have  been  done  by  Time  and  Force.  Gradually,  however,  we 
become  accustomed  to  a  new  order  of  ideas ;  and  no  theory  need 
really  startle  us  which  complies  with  these  two  conditions : — ^first, 
that  it  shall  ascribe  to  known  causes  nothing  but  known  effects ;  and, 
secondly,  that  the  combination  of  causes  which  it  assumes  shall  be 
required  for  the  explanation  of  facts  which  are  thoroughly  esta- 
blished and  ascertained.  But  having  more  than  enough  to  do  to 
exphiin  those  facts  of  nature  which  are  of  this  undoubted  character, 
it  is  indeed  a  waste  of  ingenuity  when  we  construct  elaborate  theories 
to  account  for  facts  which  either  do  not  exist  at  all,  or  exist  only  in 
a  very  diftcrent  connexicm  from  that  in  which  we  have  by  assump- 
tion placed  them.  The  facts  assumed  by  the  theorj'  are  in  my  opi- 
nion to  a  hiT^e  extent  as  purely  hypothetical  as  the  ingenious  expla- 
nations which  are  invented  to  account  for  them.  In  support  of  this 
opinion  I  shall  have  to  adduce  in  some  detail  independent  evidence 
derived  frum  that  portion  of  the  Highlands  with  which  I  am  best 
acquainted.  Lut  in  the  meantime  I  may  point  out  admissions  in- 
volved in  our  author  s  own  words,  which  seem  to  me  to  carry  us  a 
long  way  towards  conclusions  opposed  to  his. 

We  have  seen  that,  when  describing  the  foldings  of  the  Highland 
strata,  he  compared  them  to  those  waves  of  the  sea  which  are  driven  by 
a  fresh  gale  from  the  north-west,  and  that  he  pointed  to  the  map  of 
the  country  as  indicating  by  its  leading  lines  the  respective  directions 
in  which  the  longer  and  shorter  axes  of  these  waves  have  run.  This 
of  itself  is  a  strange  admission  to  be  made  by  an  author  who  proceeds 
to  assure  us  in  a  later  page  that, "  if  subterranean  movements  evermade 
any  show  at  all  upon  the  surface,  they  have  been  effaced  long  ago "(!). 
But  the  fact  thus  admitted  is  too  remarkable  and  significant  to  bo 
passed  over  merely  as  illustrating  the  general  truth  of  a  poetical  com- 
parison. Look  at  the  map  of  the  north-west  coast  of  Scotland.  Nothing 
can  be  more  striking  than  the  general  prevalence  of  lines  having  a 
N.E.  and  S.  W.  direction.  It  is  not  merely  the  great  valley  of  the  Cale- 
donian canal  T\ith  its  chain  of  lakes  running,  as  that  valley  does, 
across  the  whole  breadth  of  the  island,  but  it  is  also  the  general 
direction,  with  only  an  average  deviation,  of  many  of  the  great  sea- 
lochs  and  of  some  of  the  gre^it  freshwater  lakes  of  the  Highlands. 
No  geologist,  even  one  who  had  never  seen  the  country,  could  look 
on  that  map  without  being  certain  at  a  glance  that  there  must  be  a 
geologicjil  cause  for  such  a  general  prevalence  of  direction,  and  that 
the  lines  of  physical  geography  were  also  in  some  way  lines  deter- 
mined by  lines  of  geological  structure.  Accordingly  Mr.  (}eikie  is 
himself  compelled  to  admit  that  with  reference  to  these  "longitudinal" 
valleys,  the  agencies  of  erosion  have  been  guided  in  their  work  by 
the  prevailing  strike  of  the  strata,  which  strike,  as  he  also  admits,  is 
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"  followed  along  the  same  line  by  the  larger  faults,  and  by  the  anti- 
clinal and  synclinal  axes."  Geological  structure,  then,  we  have  it 
admitted,  has  determined  the  direction  and  the  general  parallelism 
of  all  the  longitudinal  valleys  of  the  Highlands,  which  may  be  roughly 
stated  at  about  one-half  of  the  whole.  It  is  true  that  nothing  but 
the  general  trend  and  direction  of  these  valleys  seems  to  be  attri- 
buted to  geological  structure.  Strata  of  different  degrees  of  hard- 
ness are  supposed  to  have  been  exposed  along  the  line  of  strike  to 
the  agencies  of  waste.  These  would  cut  away  the  softer  strata  more 
rapidly  thfin  the  harder,  and,  being  once  determined  in  a  particular 
direction,  have  gradually  widened  their  channels,  at  first  mere  narrow 
cuttings,  into  deep  glens  and  valleys.  But  again  it  is  further  admitted 
that  the  great  faults  of  the  country  lie  along  the  same  line,  as  like- 
wise the  synclinal  and  anticlinal  axes.  These  of  course  are  due,  and 
due  solely,  to  subterranean  movements ;  and  so  far  as  they  are 
coincident  with  the  ridges  and  hollows  of  the  longitudinal  system, 
they  establish  the  lasting  effects  of  such  movements  upon  the  existing 
surface  of  the  country. 

How  far,  then,  can  this  coincidence  be  traced  ?  Here  I  regret  to 
say  I  must  part  company  with  Mr.  Geikie  even  in  his  account  of 
facts.  He  says  broadly,  in  the  first  chapter  of  his  work,  that  "  For 
one  valley  which  runs  along  the  line  of  a  dislocation  there  are,  I 
dare  say,  fifty  or  a  hundred  which  do  not."  And  in  a  note  on  the 
same  page  he  adds  emphatically  that  there  is  no  point  which  the 
detailed  investigations  of  the  Geological  Survey  have  made  clearer 
than  this.  I  feel  all  the  boldness  of  contradicting  one  who  is  not 
only  an  eminent  geologist,  but  who  has  so  long  been  specially  engaged 
as  a  geological  surveyor.  But  as  regards  the  valley-system  of  the 
county  of  Argyll,  I  do  venture  to  state  my  conviction  that  thia 
assertion  is  erroneous.  And  I  am  glad  to  observe  that  in  a  subse- 
quent page  of  his  work  Mr.  Geikie  says  that,  **  until  the  Highland 
tracts  are  surveyed  in  minute  detail,  it  will  not  be  possible  to  ascer- 
tain how  far  they  are  traversed  by  lines  of  fault,  nor  to  what  extent 
such  features  have  shown  themselves  at  the  surface  and  have  served 
to  guide  the  excavation  of  the  valleys." 

As  regards  the  Lowlands  over  which  the  survey  has  been  carried, 
the  result  seems  to  have  effected  some  modification  of  the  confidence 
with  which  the  Erosion  JTheory  is  asserted.  Our  author  says,  "  after 
a  long  and  detailed  examination  of  the  contorted  rocks  of  the  Silurian 
uplands  of  the  Southern  counties,  I  have  been  led  to  believe  that  the 
faults  and  folds  of  the  strata  have  on  the  whole  only  a  secondary 
influence  in  originating  the  present  irregularities  of  the  surface. 
And  this  is  probably  the  case  also  with  the  contorted  and  metamor- 
phosed Silurian  rocks  of  the  Highlands."  So  far  as  this  passage 
involves  an  argument,  it  does  not  seem  a  very  good  one.  The 
Highlands,  as  compared  with  the  Lowlands,  are  what  their  descriptive 
name  implies  them  to  be.  1  hey  are  lines  of  special  upheaval  and 
subsidence  and  contortion  ;  and  it  is  not  probable,  but  in  the  highest 
degree  improbable,  that  an  area  of  country  under  which  subterranean 
movements  have  been  so  much  more  marked  than  elsewhere  should 
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not  have  had  its  surface  affected  by  them  in  a  correspondingly  pre- 
dominant degree.  Even  as  regards  the  Lowlands,  I  am  suspicious, 
I  confess,  as  to  the  influence  which  a  preconceived  theory  has  had 
on  the  estimate  of  evidence  which  appears  to  be  so  nicely  balanced. 
But  in  any  case  the  argument  from  analogy,  as  between  the  Lowlands 
and  the  Highlands,  is  one  on  which  no  reliance  can  be  placed. 

I  have  quoted  in  a  former  page  the  general  description,  given  by 
Mr.  Geikie,  of  the  Highland  strata,  as  waved  and  crumpled  and 
tossed  into  wave-like  plications  or  folds :  and  in  another  passage, 
speaking  not  especially  of  the  Highlands,  but  generally  of  the  Earth  s 
crust,  he  says  that  "  there  is  no  dispute  regarding  the  abundance  of 
the  upheavals,  subsidences,  and  dislocations  which  it  has  undergone." 
But  these  general  admissions  are  but  a  poor  compensation  for  the 
silence  which  Mr.  Geikie  maintains  on  a  whole  class  of  the  most 
important  facts  connected  with  the  structure  of  the  country.  It 
would  have  been  more  satisfactory  if  he  had  included  in  his  descrip- 
tions some  notice  of  the  api)earances  of  subsidence  and  dislocatioD 
which  arc  to  be  observed  in  that  particular  part  of  the  Earth's  crust 
which  constitutes  the  West  Higlilands,  and  especially  if  he  had 
given  us  some  account  of  the  relation  in  which  the  dislocated 
sedimentary  rocks  stand  to  masses  of  granite  or  of  other  apparently 
intrusive  rocks.  But  this  is  a  subject,  surely  one  of  the  most  im- 
portant of  all,  on  which  we  derive  no  information  whatever  from 
Mr.  Geikie's  volume.  There  is,  indeed,  a  passage  in  which  he 
asserts  that  the  convolutions  of  the  old  crystalline  rocks  "  cannot  be 
assigned  to  grand  primeval  eruptions  of  Granite."  The  reason  which 
he  assigns  for  this  assertion  is,  that  although  granite  rises  up  among 
the  highest  mountain  groups,  "  it  also  occupies  wide  spaces  of  low 
ground,"  a  fact  which,  so  far  as  I  can  see,  has  no  bearing  whatever 
on  the  question.  Mr.  Geikie  then  throws  off  in  a  single  passing 
sentence  a  theory  as  to  the  origin  of  granite,  which  he  produces  no 
facts  whatever  to  justify,  and  which,  again,  even  if  it  were  tme, 
would  in  no  way  decide  the  question  how  far  the  manner  in 
which  the  contorted  sedimentary  strata  are  associated  with  Granitic 
rocks  does,  or  does  not,  indicate  the  predominant  effect  of  subter- 
ranean movements  on  the  present  physical  geography  of  the  country. 
**  Indeed,"  says  Mr.  Geikie  (and  this  is  the  sentence  to  which  I  refer), 
**  there  is  good  reason  to  believe  that  granite  is  not  an  igneous  rock  in 
the  ordinary  sense,  hut  that,  instead  of  bursting  through  and  upheaving 
the  Gneiss  and  Schist,  it  is  itself  only  a  further  stage  of  the  metamor^ 
phism  of  those  rocksJ*  What  Mr.  Geikie  means  by  "  igneous  in  the 
ordhiarif  sense  of  tlu  word,^*  can  only  be  conjectured.  If  he  means 
that  granite  is  not  '*  igneous  "  in  the  same  sense  in  which  ti'ap  la 
igneous,  I  quite  agree  with  him ;  but  then  I  thought  this  is  now 
pretty  generally  accepted  and  understood.  It  has,  howeyer,  nothing 
whatever  to  do  with  the  question  before  us.  It  may  also  be  f^j^e 
that  granite  is  composed  of  materials  originally  derived  fnnn  sedi- 
mentary rocks,  and  that  it  represents  only  a  farther  stage  of  meta- 
morphic  action.  But  neither  would  this  proposition,  even  if  it  -wen 
established,  which  it  certainly  is  not,  in  the  slightest  degree  afieot 
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the  question  whether  granite  is  not  a  case  of  metamorphism  carried 
to  the  extent  of  fusion  ;  nor  can  it  release  any  geologist  who  theorizes 
on  a  purely  mechanical  problem  from  the  obligation  of  reconciling 
his  theory  with  the  observed  relations  which  exist  between  those 
rocks  which  retain  all  the  marks  of  their  sedimentary  origin  and  the 
granites  which,  if  they  ever  had  that  structure,  have  entirely  lost  it. 
It  is  all  the  more  remarkable  that  Mr.  Geikie  should  have 
bestowed  so  little  attention  upon  this  point,  since  his  own  general 
description  of  the  Highlands  might  have  indicated  to  him  the 
immense  significance  of  any  facts  bearing  on  the  mutual  relations 
of  the  granites  and  the  slates.  His  general  description  is,  that  the 
strata  of  the  Highlands  resemble  the  waves  of  a  sea  driven  before  a 
N.W.  wind.  Surely  it  must  occur  to  every  one  to  ask  what  was  the 
condition  of  the  strata  when  they  were  subject  to  this  subterranean 
wave -like  movement.  Were  they  already  consolidated  into  hardened 
rock,  or  were  they  still  in  the  condition  of  original  deposit, — soft 
beds  of  sand  and  mud  ?  Even  in  this  last  case,  such  movements 
would  in  aU  •  probability  be  accompanied  by  slips  or  breakages  at 
right  angles  to  the  line  of  motion.  Even  water  when  moved  in 
waves  will  break  at  the  top,  when  the  line  of  elevation  reaches  a 
certain  angle.  But  if  the  Silurian  strata  of  the  Highlands  had 
already  been  consolidated  into  hard  and  even  crj'stalline  rock  when 
this  wave-like  movement  was  propelled  along  them,  it  is  incon- 
ceivable that  it  should  not  have  occasioned  fractures  and  dislocations 
and  subsidences  of  the  strata,  according  to  the  different  degrees  of 
tension  which  the  different  beds  might  be  able  to  bear.  Nor  is  it 
less  certain  that,  along  these  lines  of  fracture  and  subsidence,  what- 
ever subterranean  matter  there  might  be  in  a  fluid  or  in  a  viscid 
state  woidd  find  its  way  to  the  surface  by  splashing  or  protrusion 
along  the  lines  of  least  resistance.  And  yet  the  geologist  who  tells 
us  that  the  crystalline  rocks  of  the  Highlands  have  been  actually 
puckered  and  crumpled  and  contorted  by  subterranean  force,  never 
seems  to  think  it  worth  his  while  to  inquire  what  evidence  on  these 
points  is  afforded  by  the  structure  of  the  country — whether  granites 
do  or  do  not  appear  along  the  lines  of  fault  or  of  upheavals  or  subsi- 
dences of  the  surface,  or  whether  any  facts  exist  to  show  the 
mineral  character  of  the  disturbed  strata  at  the  time  when  the 
fractures  were  effected.  The  theory  assumes  that  the  country  first 
rose  out  of  the  water  like  some  great  rounded  mud-bank,  sloping 
gently  from  its  summit  to  the  sea,  and  that  along  those  slopes 
it  was  gradually  cut  and  carved  into  hill  and  valley  by  the  exca- 
vating power  of  mere  natural  drainage.  Mr.  Geikie  admits,  indeed,  that 
**  perhaps  the  elevatory  force  showed  itself  in  the  upheaval  of  one  or 
more  anticlinal  folds."  But,  as  usual,  admissions  which,  if  followed 
up  into  their  legitimate  consequences,  would  powerfully  affect  the 
argument,  are  practically  set  aside  almost  as  soon  as  made.  Our 
author's  favourite  illustration  of  the  method  in  which  the  river- 
system  of  the  Highlands  was  established,  is  the  mode  in  which  a 
miniature  system  of  streams  is  made  in  a  bed  of  wet  sand  which 
has  been  le^  by  the  tide.    That  is  to  say,  the  mechanical  effect  of 
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rain,  falling  on  rackR  already  hardened  and  contorted,  is  compared 
with  the  action  of  water  draining  out  of  a  material  pCTfeotly  loose, 
saturated  with  moisture,  and  destitnte  of  any  guiding^  Btnictare. 
For  my  own  part  I  think  thin  illustration  enough  of  itself  to  upset 
the  theory.  I  should  say  that  the  mechanical  process  which  makes 
little  rivers  in  wet  sand  from  water  welling  out  of  its  very  sub- 
stance,  or  coming  with  greater  force  from  higher  elevationB,  cannot 
possibly  he  the  same  which,  under  any  conceivable  conditions,  cut 
the  valleys  of  the  Highlands  out  of  the  hard  crystalline  rocks  of 
which  the  mountaiuH  are  composed. 

I  pass,  however,  from  these  general  considerations,  which  arv 
useful  only  as  showing  tho  antecedent  improbabilities  involved  in  the 
estreme  theories  of  erosion.  I  proceed  now  to  test  them  od  the  field 
of  fact ;  and  1  take,  in  the  first  place,  that  district  of  Argyllshire  which 
lies  between  the  northern  banks  of  Loch  Awe  and  the  Frith  of  Clyde. 

This  is  a  district  from  which  Hr.  Geikie  takes  several  of  his 
illustrations.  It  is  one  with  which  I  am  well  acquainted  in  detail ; 
and  it  is  one  including  within  itself  a  grand  display  of  all  the 
characteristic  phenomena  for  which  it  is  necessary  to  account.  I 
venture  to  assert,  in  opposition  to  ^r.  Geikie,  that  almost  the  whole 
valley-system  of  this  district,  including  both  the  longitudinal  and 
the  transverse  valleys,  is  best  accounted  for  by  faults,  by  foldings, 
by  subsideuceg,  and  by  anticliiials  among  the  strata. 

To  begin  with — Loch  Fyne  itself,  which  is  one  of  tho  main  fea- 
tures of  the  country,  and  is  well  known  to  be  one  of  the  most  promi- 
nent examples  of  that  longitudinal  valley-system  which  is  so  marked 
upon  the  map  of  Scotland,  occupies,  as  I  believe,  the  bed  of  an 
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e  fault.     Loch  Awe,  another  of  the  valleys  whioh  asBuma  the 

name  general  direction,  lies  along  the  line  of  a  great  snhsidence  or 
falling  inwards  of  the  metaroorphic  sUtes,  and  occiqiiea  the  bed  of 
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a  great  S3rnclinal  trough.  The  pass  of  the  Awe,  which  Mr.  Geikie 
quotes  as  an  example  of  mere  excavation,  one  of  the  most  strikmg 
bits  of  scenery  in  the  Highlands,  through  which  the  waters  of  Loch 
Awe  find  their  way  to  the  sea,  is  a  rupture  and  chasm  in  the  same 
rocks,  connected  with  the  subterranean  causes  which  upheaved  the 
great  mass  of  Ben  Cruachan  to  an  elevation  of  3600  feet  Glen 
Fyne  is  a  continuation  of  the  same  line  of  fault  which  constitutes 
the  sea-loch.  The  transverse  valley  of  Loch  £ck,  connecting  Loch 
Fyne  with  the  valley  of  the  Clyde,  which  also  Mr.  Geikie  assumes 
to  be  a  valley  of  erosion,  lies  across  a  steep  anticlinal,  and  is  due,  in 
my  opinion,  to  the  extreme  tension  to  which  the  crystalline  rocks 
have  been  subjected  along  different  lines  of  subsidence  and  upheaval. 
Loch  Long  and  Loch  Goil  are  due  to  similar  causes.  Glen  Croe 
and  Glen  Kinglas  lie  in  crumples  of  the  strata,  with  every 
mark  which  could  tell  to  the  eye  and  to  the  reason  of  breakage, 
rupture,  and  dislocation.  Many  even  of  the  smaller  ravines  which 
farrow  the  sides  of  the  mountains,  are  not  channels  cut,  but  cracks 
occupied,  by  the  torrents  which  now  rush  along  their  beds.  Instead 
of  becoming  broader  and  wider  as  they  descend,  they  are  often 
chasms  at  the  top  of  the  mountains,  and  mere  superficial  channels 
below.  The  little  niches  which  water  has  succeeded  in  cutting, 
during  all  the  ages  which  have  elapsed  since  the  mountains  became 
mountains,  are  sometimes  perfectiy  distinguishable  from  the  rents 
which  subterranean  force  has  opened  to  their  course. 

I  have  thus  stated  the  difference  between  my  view  and  the  theory 
of  Mr.  Geikie  as  broadly  as  it  can  be  stated,  in  order  that  we  may 
both  be  compelled  to  refer  to  those  facts  of  detail  upon  which  safe 
conclusions  can  be  based. 

I  had  the  honour  in  1853*  of  laying  before  this  Society  a  de- 
scription of  the  phenomena  presented  by  the  ridges  which  sepa- 
rate the  valley  of  Loch  Awe  from  the  valley  of  Loch  Fyne.  I 
showed  that  the  structure  of  these  ridges  is  such  as  to  indicate 
conclusively  that  the  slaty  strata  have  fallen  inwards,  or  subsided 
towards  the  valley  of  Loch  Awe,  that  when  this  movement  took 
place  they  were  already  in  their  present  hardened,  crystalline,  and 
metamorphic  condition,  and  that,  when  so  falling,  great  masses  of 
porphyritic  granite  had  risen  along  the  planes  of  deposit,  which 
would  be  the  lines  of  least  resistance,  and,  lastly,  that  when  these 
granites  so  rose  they  were  in  a  soft  and  viscid  state.  Let  me 
shortly  recapitulate  the  facts  which  indicate  these  conclusions. 

In  the  first  place  it  is  a  fact  that  all  the  slaty  strata  dip  more 
or  less  steeply  towards  the  valley  of  Loch  Awe. 

Their  escarpments  are  everywhere  presented  to  Loch  Fyne,  and 
the  slope  side  forms  the  south-east  bank  of  Loch  Awe.  In  the 
second  place,  the  summit-ridge  is  everywhere  composed  of  these  beds, 
and  there  the  dip  is  steepest.  In  the  third  place,  the  lower  and  in- 
tervening ridges  between  this  summit  and  Loch  Fyne  are  generally 
rounded  bosses  of  porphyry,  which  the  slaty  strata  underlie  and  overlie 
conformably.     In  some  few  places  the  beds  of  slate  or  limestone  are 

*  Quart  Joum.  Qeol.  Soc.  toL  ix.  p.  300. 
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thrown  off  in  contact  with  the  granite ;  but  generally,  and,  indeed, 
almost  univiTsally,  th<jre  is  no  ditforoncx;  in  the  dip  of  the  strata  either 
under  or  above  the  i)orpliyritic  ridges ;  and  not  unfreqiiently  the  two 
rocks  may  be  seen  in  juxtaposition,  the  slates  dipjnng  underneath 
the  porj)hyritic  nla^5ses,  and  again  lying  at  the  baek  of  those  masses 
and  resting  upon  them.  In  the  fourth  place,  in  the  quarries  of  this 
poii)hyry,  at  least  in  one  (luarry,  abundant  fragments  of  the  slates  are 
found  iniboddod,  having  evidently  been  taken  up  by,  and  involved 
in,  the  flow  of  the  i)orphyry  when  it  was  rising  through  or  being 
scpieezed  througli  the  passages  of  the  falling  strata.  In  the  fifth  place, 
these  fragments  an?  of  precisely  the  same  mineral  character  as  the 
parent  rocks  from  which  they  have  come ;  they  exhibit  the  sharp 
angles  of  original  fracture  as  fresh  as  if  they  had  been  broken  off 
yesterday,  and  have  evidently  never  been  themselves  altered,  nor 
have  tb(\v  effected  any  alteration  in  the  paste  into  which  they  fell. 
I  have  alreiidy  remarked  on  the  immense  importance  which  attaches 
to  the  (jiu'stion  of  the  mineral  condition  of  the  slates  of  the  West 
Ilighlaiuls  at  the  time  when  subterranean  movements  folded  them 
and  contorted  th(?m,  and  drove  them  into  waves  like  water  driven  by 
the  ^^^^ld.  If  tliat  mineral  condition  was  at  all  like  that  in  which 
they  now  exist ;  if  they  had  already  attained  a  hard  and  crystalline 
stnicture,  then  their  liabihty  to  fracture  along  the  lines  of  extreme 
tension  must  have  been  ver}'  great.  Mechanical  laws  render  it  cer- 
tain that  sucrh  fractures  must  have  accompanied  the  strain  and  pres- 
sure to  which  they  were  subjected.  ThtJ  evidence,  therefore,  which 
shows  that  the  slates  were  just  what  they  now  are  in  texture  at  a 
time  when  tlu^  subjacent  poq)hyries  were  in  a  soft  and  viscid  condi- 
tion, and  the  further  evidence  which  shows  that  (in  strict  conformity 
with  the  ri'sults  we  should  exj^ect  from  the  respective  conditions  of 
the  two  mineral  masses)  the  porphyries  were  splashed  up  along  the 
lines  of  deposit  as  the  slates  fell  inwards — this  c^idence,  I  say,  throws 
a  flood  of  light  on  the  whole  problem  we  are  now  considering.  It 
shows  that  the  mincTal  condition  of  the  poqihyries  was  precisely  such 
as  would  facilitate  the  transmission  of  earthquake  waves;  and  it 
shows  not  less  clearly  that  the  mincnJ  condition  of  the  slates  was 
such  as  nc«'essitated  fractures  and  dislocations  when  such  waves  were 
propagated  underneath  them. 

]{ut  whatev(rr  may  be  the  import  and  interpretation  of  such  facts 
as  these,  certjdn  it  is  that  Mr.  Geikie  takes  not  the  slightest  notice 
of  their  existence.  The  veiy  illustrations  he  selects  in  support  of 
his  own  theory  show  that  he  has  paid  no  attention  to  the  whole  class 
of  facts  coiniected  wnith  the  relative  position  of  the  mineral  masses. 
J-ict  me  take  as  a  conspicuous  instance  the  Pass  of  the  Awe.  Mr. 
(ieikie  mentions  it  as  an  example  of  bis  favourite  theory  that  trans- 
verse valleys  have  lx?en  cut  backwards  by  two  streams  originally 
running  in  opjKWijite  chrections,  until  by  the  destruction  of  the  divid- 
ing ridge  one  long  continuous  glen  has  been  the  last  result.  The 
very  words  in  which  he  dcMscribcs  this  Pass  give  an  altogether  erro- 
neous idea  of  its  character  as  a  feature  in  physical  geography.  "  The 
present  outflow  of  the  lake  through  the  deep  narrow  gorge  of  the 
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Pass  of  Brander  is,  comparatively  speaking;,  recent.  It  has  been 
opened  across  the  lofty  ridge  that  stretches  from  Kings  House 
through  Ben  Cruachan  to  the  Sound  of  Jura."  Every  one  reading  this 
description  would  suppose  that  this  "  lofty  ridge "  was  one  of  toler- 
ably equal  elevation  along  its  whole  length,  that  the  Brander  Pass 
had  been  cut  across  it  in  the  middle,  and  that  there  was  nothing  to 
indicate  any  particular  rupture  of  continuity  arising  out  of  geological 
structure  at  the  particular  point  where  this  "deep  gorge"  occurs. 
No  one  would  guess  that,  instead  of  lying  across  a  continuous  ridge,  it 
occurs  at  the  end  and  termination  of  the  great  mass  of  granitic  moun- 
t^iins  which  stretch  with  but  little  interruj)tion  from  Loch  Rannoch, 
through  the  region  of  (jlencoe,  and  terminate  in  Ben  Cruachan. 
But  there  is  nothing  like  a  continuation  of  this  ridge  on  the  other 
side  of  the  Brander  Pass.  On  the  one  side  rise  the  highest  ihountains 
in  Argj'llshire,  and  one  of  the  highest  mountains  in  (Jreat  Britain. 
On  the  other  side  is  a  comparatively  low  range  of  hills,  wholly  dif- 
ferent in  geological  structure.  I  do  not  say  that  this  general  fact  is 
conclusive  against  Mr.  Geikie's  theor}' ;  but  at  least  it  has  some  bearing 
upon  that  theory,  and  ought  to  have  been  mentioned  and  explained. 
Of  course  when  a  deep  gorge  occurs  at  the  dividing  line  between  two 
different  mineral  systems,  the  idea  is  suggested  to  the  mind  that  this 
change  of  structure  may  possibly  have  something  to  do  with  the 
fissure  which  marks  its  site.  Still  more  clearly,  when  this  deep 
gorge  marks  the  termination  of  great  upheavals,  or,  at  all  events  (to 
use  language  which  involves  no  hypothesis),  marks  the  end  of 
mineral  masses  attaining  a  great  elevation,  the  idea  of  this  sudden 
dei)ression  being  due  to  subterranean  force  gains  much  additional 
probability.  But  over  both  these  significant  facts  Mr.  Geikie  passes 
in  perfect  silence.  And  these  broad  facts  being  omitted,  it  was  per- 
haps hardly  to  be  expected  that  other  facts,  requiring  still  more 
detailed  examination,  but  perhaps  even  more  significant  than  any 
other,  should  be  omitted  also, 

I  submit,  however,  that  it  is  a  point  of  great  importance  to  know  the 
appearance  which  the  slates  exhibit  along  this  line  of  junction.  It 
will  be  observed,  in  the  geological  map  which  is  appended  to  Mr. 
Geikie's  book,  that  the  whole  left  bank  of  the  Awe  is  represented 
as  occupied  by  the  mica-slates,  and  that  on  the  right  bank  of  the 
river  also  there  is  a  narrow  strip  of  the  same  material  between  the 
river  and  the  great  granite  mass  of  Cruachan.  Now  how  do  these 
stratified  slates  lie  on  the  respective  sides  of  the  river  ?  On  the  left 
bank  they  dip  away  from  the  Pass  ;  and  its  precipitous  sides  are  com- 
posed of  the  escarpment  of  the  strata  broken  and,  as  it  were,  gaping 
towards  the  opposite  mountain.  On  the  right  bank  (that  is,  along 
the  base  of  Cruachan)  the  same  slates  lap  round  the  mountain  and 
are  tilted  steeply  against  its  sides,  which  rise  so  suddenly  from  the 
bed  of  Loch  Awe  that  the  road  has  to  be  cut  into  their  fiank. 

I  exhibit  a  rough  section  of  the  relative  position  of  the  mineral 
mJisses  as  above  described.  There  are  here,  in  my  opinion,  evident 
marks  of  fracture  and  dislocation.  There  have  l>een,  apparently,  sub- 
sidences along  one  lino,  and  corresponding  elevations  along  another ; 
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one  of  the  islands  in  Loch  Awe,  at  the  foot  of  Cniachan,  exhibits  the 
mica-slatea  in  a  perfectly  vertical  poaition.  Loch  Awe  seema  to 
have  been  an  area  of  subsidence ;  and  the  gorge  of  the  finuider  Paw 
lies  along  the  line  of  a  great  fracture  connected  with  the  Bubter- 
ranean  movementa  which  brought  up  the  granites  of  Ben  Cruachan. 

rig.  2, — Sixlion  amus  the  Braader  Past. 
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That  fracture  and  dislocation  of  the  strata  have  taken  place  is  cer- 
tain. It  is  for  the  erosionista  to  prove  that  thia  ft'acture  and  dislo- 
cation was  without  influence  in  causing  the  "  deep  gorge ''  through 
which  Loch  Awe  finds  its  exit  to  the  aea.  It  is  for  them  to  prove 
that  the  time  when  the  subterranean  movement  took  place  was  not 
also  the  time  when  the  Brander  Paaa  was  formed.  I  might  mul- 
tiply iiistanccH  of  the  same  kind  without  number. 

Hero  I  should  observe,  as  an  important  fact,  that  although  Mr. 
Geikie  speaks  of  the  Highland  mountains  being  tossed  into  folds,  or 
wave-like  plications,  I  know  of  no  instnnee  in  which  the  same  beds 
are  literally  folded  so  as  to  bend  over  the  top  of  a  mountain  and  fold 
down  into  the  valley  beneath.  In  all  cases  the  beds  which  nee  to 
the  summit  of  the  mountains  are  there  broken,  and  present  more  or 
less  rugged  escarpments,  in  the  direction  t^iwards  which  the  ondu- 
lafion  appears  to  have  proceeded.  In  abort,  they  are,  as  Mr.  Oeikie 
says,  very  hke  waves ;  but  then  they  are  waves  which  have  broken 
at  the  top — not  the  waves  of  a  heavy  ground-swell,  but  rather  the 
waves  of  a  sea  vexed  by  the  meeting  of  wind  and  tide.  This  is  as 
we  should  certainly  expect  if  wave-like  movements  were  erer  pro- 
pagated under  a  surface  occupied  by  rocks  already  hardened  and 
consolidated,  as  these  mica-slates  appear  to  have  been  when  the 
subterranean  movement  affected  them. 

I  shall  now  direct  attention  to  anotlier  specific  ease  in  whioh 
Ur.  tieikie  has  omitted  all  mention  of  the  prinoipal  faota  connected 
with  the  geological  htructure  of  the  country.     He  takes  the  trans- 
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verse  valley  of  Loch  Eck  as  another  instance  in  which  two  streams, 
each  working  backwards  towards  its  own  source,  have  finally  de- 
voured and  carried  off  the  ridge  which  separated  them,  and  thus  at 
last  converted  two  narrow  glens  into  one  broad  valley.  Now  the 
first  thing  to  be  noted  in  regard  to  the  whole  district  of  Cowal,  or 
the  mass  of  mountainous  land  which  separates  Loch  Eyne  from  the 
great  depression  which  is  occupied  by  the  Firth  of  Clyde,  is,  that 
whilst  the  dip  of  all  the  strata  on  Loch  Eyne  is  towards  the  north- 
west, on  the  shores  of  the  Eirth  of  Clyde  it  is  precisely  opposite,  or 
south-east.  The  intervening  mass  of  mountains  is  therefore  the 
seat  of  a  great  anticlinal  axis.  Sir  R.  I.  Murchison  first  pointed  out 
to  me  that  a  magnificent  section  across  this  anticlinal  is  presented 
along  the  banks  of  Loch  Eck.  This  would  not  necessarily  account^ 
however,  for  a  valley  which  runs  not  along  the  anticlinal,  but  across 
it.  In  an  area,  however,  of  great  disturbance,  where,  as  in  this 
case,  there  is  every  mark  of  the  beds  having  been  subjected  to  the 
most  violent  tension  from  subterranean  movement,  transverse  cracks 
and  subsidences  must  be  always  liable  to  occur.  But  in  any  case  it 
is  a  district  of  great  disturbance ;  and  where  this  is  the  case  it  is  a 
gratuitous  assumption  to  attribute  a  transverse  valley  to  forces  which 
are  comparatively  inadequate  to  the  work.  I  have  pointed  out  how 
entirely  Mr.  Geikie  avoids  giving  us  any  description  of  structural 
detail  when  he  deals  with  hills  and  valleys,  when  that  detail  is  ad- 
verse to  his  theory.  But  there  is  one  valley  in  the  Highlands  in 
respect  to  which  he  does  enter  into  much  detail,  and  gives  us  a 
special  diagram  setting  forth  its  structural  peculiarities :  it  is  the 
valley  of  Loch  Tay.  The  vaUey,  he  says,  now  runs  along  the  top  of 
an  anticlinal  axis,  so  that,  as  he  expresses  it,  that  which  geologically 
is  the  top  of  a  mountain  is  geographically  the  bottom  of  a  glen. 
The  mountain  of  Ben  Lawers,  which  rises  above  the  lake,  is  repre- 
sented as  exhibiting  beds  forming  structurally  a  S3mclinal  trough, 
and  yet,  in  physical  geography,  constituting  an  isolated  mountain  cut 
out  of  the  thickness  of  the  rocks  which  once  surrounded  it  and  have 
all  been  washed  away. 

N  ow,  in  regard  to  this  case,  on  which  Mr.  Geikie  lays  great  stress, 
and  from  which  he  jumps  to  the  largest  and  most  general  conclu- 
sions, I  have  several  observations  to  make.  Li  the  first  place,  not 
believing  as  Mr.  Geikie  seems  to  do,  that  all  the  hills  and  valleys  in 
the  Highlands  can  be  accounted  for  by  any  one  theory  as  to  the  phy- 
sical agencies  concerned  in  their  production,  I  should  be  quite 
prepared  to  admit,  upon  adequate  evidence,  that  Loch  Tay  has  luid  a 
wholly  different  origin  from  Loch  Awe,  and  that  the  processes  which 
formed  Ben  Lawers  have  been  wholly  different  from  those  which 
formed  Ben  Cniachan.  In  the  second  place,  I  have  to  observe  that 
even  the  facts  of  this  case,  as  given  by  Mr.  Geikie,  are  quite  capable 
of  a  different  interpretation  from  that  which  he  assigns  to  them. 
It  is  not  only  possible,  but  in  the  highest  d^;Tee  probable,  that  a 
valley  due  to  fracture  should  lie  along  the  top  of  an  anticlinal  axis. 
That  is  precisely  the  line  along  which  hard  crystalline  rocks  would 
be  exposed  to  the  maximum  of  tension,  and  therefore  along  which 
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they  would  tend  to  break  and  gape.  In  another  passage  oar 
author  himself  admits  that  '*  the  coincidence  of  a  valley  with  an 
anticlinal  axis  may  perhaps  be  traceable  to  an  actual  fracture 
of  the  strata  along  this  linc^  of  severe  tension."  But,  in  the  third 
place,  1  have  to  ohsene  that  although  I  am  not  personally  ac- 
quainted with  the  Loeh-Tay  district  in  minute  detail,  I  do  know 
enough  to  be  sure  that  ^Ir.  Geikie's  facts  are  at  least  exceedingly 
incomplete.  As  usual,  he  avoids  all  allusion  to  the  occurrence  of 
granite,  or  other  ror-ks  usually  regarded  as  eruptive ;  and  from 
his  description  and  sketch  no  human  being  would  suppose  that 
they  make  their  appc^irancc  anj-where  on  the  bank  of  Loch  Tay. 
Now  I  happen  to  know  that  the  southern  banks  of  I/)ch  Tay  con- 
stitute a  district  of  much  disturbance,  large  masses  of  granite  and 
poii>hyritic  rocks  charged  with  metalliferous  deposits  appearing 
through  the  slates,  and  indicating  some  great  subsidence  of  the 
strata.  I  do  not,  ind(*ed,  know  how  these  strata  lie  with  reference 
to  tlu'  granites,  whc^ther  they  underlie  them,  as  in  the  case  near 
Inverary,  or  whether  the  slates  are  thrown  up  and  tilted  against 
those  masses  as  along  the  foot  of  Ben  Cruachan.  But  these  are 
precisely  the  facts  which  Mr.  Geikie  ought  to  have  supplied,  because 
they  are  the  farts  on  which  the  whole  question  of  mechanical  causa- 
tion of  hill  and  valley  may  depend.  I  attach  no  value  whatever  to 
a  tlieory  which  jKisses  over  and  ignores  this  class  of  facts  altogether. 

1  now  procfeed  to  notice,  in  the  last  place,  one  rather  obscure  argu- 
ment oil  which  much  stress  is  laid  in  support  of  the  theory  that  all 
our  hills  and  valleys  are  due  to  erosion.  Mr.  Geikie  says  that  there 
is  a  wonderful  symmetiT  in  the  general  structure  of  all  river-  and 
valley-systems  ;  one  glen  branches  off  from  another,  and  all  con- 
duct their  waters  to  the  common  goal,  which  is  the  sea  :  and  then, 
in  looking  on  the  hills  from  some  distant  point,  or  from  one  of  their 
own  higher  summits,  lie  sees  a  wonderful  and  mysterious  average 
in  their  heif^ht.  This  symmetry  of  stmcture  in  the  glens  can  only  be 
due,  it  is  said,  t^  the  trickling  of  water,  just  as  we  see  it  in  wet  sand 
which  the  tide  has  left ;  and  so  in  like  manner  this  general  average  of 
height  can  be  nothing  but  the  once  uniform  level  of  the  great  mud- 
bank  when  it  rose  above  the  sea.  My  answer  to  this  argument  is, 
first,  that  the  hill-and-valley  system  of  the  Highlands  is  not  in  the 
least  like  the  symmetry  of  nils  oozing  out  of,  and  cutting  their  own 
way  through,  wet  sand  ;  secondly,  that  such  symmetry  as  does  exist 
is  more  easily  accounted  for  by  a  totally  different  explanation. 

First,  then,  the  symmetry,  whatever  it  be,  is  not  of  the  kind 
which  would  be  made  by  water  merely  cutting  its  own  shortest  way 
to  the  sea.  The  tributary  streams  in  the  Highland  glens  join  each 
other  and  the  main  valleys  at  all  sorts  of  angles,  and  from  every 
point  of  the  compass  ;  and  their  course  appears  to  be  invariably  de- 
termined by  heights  and  ridges  which  they  are  compelled  to  ran 
round,  because  they  cannot  run  throwjh.  In  the  next  place,  sach 
svmmetrv  as  does  exist  is  due,  bv  the  confession  of  Mr.  Geikie 
himself,  to  geol<»gioal  structure  ;  because  he  admits,  as  we  have  seen, 
that  the  longitudinal  system  of  valleys  follows  the  strike  of  the 
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strata,  which  strike  has  been  determined  by  the  geological  and  sub- 
terranean force  which  tossed  the  strata-like  waves  from  north-west 
to  south-east. 

As  regards,  again,  the  argument  derived  from  one  general  average 
height,  I  must  remark,  in  the  first  place,  that  the  irregularities  of 
height  are  very  great— that  Ben Cruachan,  for  example,  towers  high, 
head  and  shoulders  above  all  the  lower  hills  to  the  south  and  west, 
that  Ben  More  stands  in  the  same  relative  position  to  the  hills  of 
MuU,  and  so  on.  Of  course  there  is  a  maximum  height  in  every 
mountain-country ;  and  of  course  also  a  large  number  of  the  higher 
hills  make  a  more  or  less  near  approach  to  this  maximum  elevation. 
But  I  entirely  deny  that  it  follows  from  this,  or  that  any  presump- 
tion whatever  arises  from  this,  tiiat  the  whole  country  was  once  one 
great  hog*s-back  or  tableland  at  or  near  the  level  of  what  are  now 
a  few  solitary  peaks,  and  that  all  the  rest  of  the  country  has  simply 
been  blocked  out  and  cut  away  by  the  agencies  of  erosion.  Nothing 
can  be  more  certain  than  that  from  any  given  mechanical  subter- 
ranean force,  acting  on  rocks  of  a  given  hardness  over  a  given  area, 
a  certain  amount  (and  a  very  large  amount)  of  uniformity  would  bo 
produced  in  the  height  and  depth  as  well  as  in  the  direction  of  their 
uijdulations.  If  a  powerful  wave  were  to  pass  under  ice  so  as  to 
break  it  up  along  certain  lines  of  upheaval  and  depression,  and  if 
the  breaking  pieces  could  be  retained  by  some  viscid  matter  in  the 
forms  they  would  take  in  breaking,  I  apprehend  that  there  would 
be  found  a  general  average  in  the  height  to  which  they  would 
rise,  and  in  the  depth  to  which  they  would  sink  in  the  act  of  giving 
way.  In  like  manner,  if  along  several  miles  of  country  occupied  by 
a  hardened  crystalline  rock,  like  mica-slate,  there  came  an  earth- 
quake wave  80  powerful  as  to  toss  it  like  waves  of  the  sea,  it  would 
break  along  certain  lines,  and  the  height  to  which  it  would  rise  in 
one  place  and  sink  in  another  would  bear  a  definite  proportion  to 
the  amount  of  force  and  to  the  power  of  its  own  various  beds  to 
bear  difierent  degrees  of  tension.  I  see  nothing  whatever,  therefore, 
either  in  the  average  height  of  the  Highland  hills,  or  in  the  sym- 
metry of  the  valleys,  to  compel  me  to  adopt  the  extreme  opinion  ad- 
vocated by  Mr.  Geikie. 

I  cannot  conclude  this  paper  without  observing  on  the  assumption 
made  by  him  that  his  own  tiieory  has  the  exclusive  merit  of  resting 
upon  the  "  known  and  visible  causes  of  change,"  whilst  all  who  differ 
from  him  have  to  imagine  the  former  existence  of  other  causes  far 
more  stupendous  **  merely  '*  because  the  results  achieved  seem  other- 
wise "  inexplicable."  My  complaint  of  Mr.Geikie's  theory  is  precisely 
this — that  it  is  not  based  upon  the  known  and  visible  causes  of  change 
**  as  those  are  revealed  by  their  known  and  visible  effects."  For,  of 
course,  it  is  in  this  sense  alone  that  we  can  speak  of  either  class  of 
agency  as  now  "  visible  "  in  the  Highlands.  True  it  is  that  we  do  not 
now  see  them  moved  by  subterranean  force.  But  neither  do  we  now  see 
them  sculptured  by  enormous  glaciers.  The  frosts  of  Greenland  are 
a  visible  cause  of  change  ;  but  so  are  the  fires  of  Hecla.  Neither  of 
them  now  affect  the  area  of  the  Highlands.     But  Mr.  Geikie  con- 
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feeses  that  this  ar^  was  once,  at  some  time  or  another,  the  sport  of 
forces  compared  with  which  the  most  furious  volcanic  ontbursts  of 
our  time  are  feeble  indeed, — even  of  forces  which  tossed  and  crum- 
pled its  strata,  like  waves  of  the  sea  driven  before  a  N.W.  wind. 
But,  besides  this,  he  insists  upon  it  that  the  Highlands  have  been  sub- 
ject to  a  force  not  only  much  more  stupendous  than  any  we  now  see 
in  operation  there  (for  this  I  fully  admit),  but  far  more  stupendous 
than  any  of  the  kmd  which  can  be  proVed  to  exist,  or  ever  to  have 
existed,  in  any  portion  of  the  world.  My  objection,  therefore,  to  Mr. 
Geikie's  theory  is,  that  out  of  several  causes  of  visible  change  he 
gives  an  undue  preference  to  some  one  or  two,  ascribing  to  them  effects 
which  they  are  not  proved  to  be  capable  of  producing,  and  refusing 
to  other  causes  of  change,  which  are  equally  known  and  visible, 
effects  which  are  within  their  easy  reach.  It  is  significant  of  the 
partial  and  erroneous  view  which  he  takes  of  the  relation  between 
different  known  causes  of  change,  that  when  he  lays  down  the  abs- 
tract general  principle  which  we  should  bear  in  mind  when  we  are 
speculating  on  these  subjects,  he  states  that  principle  in  language 
which  is  erroneous.  <*  In  all  such  attempts,"  says  Mr.  Geikie, 
speaking  of  theories  opposed  to  his  own,  **  we  make  the  fatal  error  of 
forgetting  that,  in  the  geological  history  of  our  globe,  'Time  .is 
Power.' "  Of  course,  in  a  loose  popular  sense,  this  is  true ;  but 
speaking  strictly  and  philosophically,  it  is  altogether  incorrect. 
IHme  does  nothing  by  itself,  nothing  except  by  the  aid  of  its  great 
ally  Force :  Force  working  in  Time— this  is  one  conception  of  all 
change,  or  rather  of  that  which  produces  change.  But  then  due 
account  must  be  taken  of  all  the  kinds  of  Force  which  the  records  of 
time  reveal  Each  special  kind  of  force  has  its  own  special  effects, 
and  very  often  these  can  be  produced  by  none  other.  We  know  that 
Force  has  been  acting  always,  in  all  forms  and  in  all  degrees.  When 
we  have  before  us  given  ascertained  mechanical  effects,  it  is  indeed 
a  rude  philosophy  which  would  ascribe  them  to  any  gij^en  kind  of 
force,  merely  on  the  ground  that  by  this  force  they  could  be  done  in 
the  shortest  time.  But  the  philosophy  is  quite  as  rude  which  would 
select  as  the  cause  of  those  effects  some  other  favourite  kind  of  force, 
on  no  other  ground  whatever  than  that  by  this  force  the  operation 
would  consume  the  longest  possible  amoimt  of  time.  It  becomes  not 
only  rude,  but  perverse,  when  the  force  selected  for  this  preference 
is  one  which  has  never  been  proved  to  be  capable  of  producing  such 
effects  at  all.  No  one  appreciates  more  highly  than  I  do  the  labours 
of  those  older  geologists  who  first  taught  an  earlier  generation  to 
estimate  more  truly  the  power  and  efficiency  of  certain  forces  which 
act  very  slowly  but  eontinuously  during  long  periods  of  time.  The 
error  in  scientific  speculation  against  which  they  fought  was  the 
error  of  laying  exclusive  or  exaggerated  stress  upon  forces  of  a  par- 
ticular kind — forces  the  existence  of  which  they  did  not  deny,  but 
which  had  worked  only  at  comparatively  distant  intervals,  and  in 
alliance  always  with  other  forces,  the  operation  of  which  is  ceaseless. 
It  is  precisely  the  same  error  in  principle,  though  exhibited  in  a  dif- 
ferent form,  which  is  now  exhibited  by  those  geologists  who  attribute 
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almost  eyer3rt]iing  to  running  water  and  to  scraping  ice.  They  are 
simply  Catastrophists  in  a  new  drees.  They  attribute  extravagant 
power  and  stupendous  effects  to  one  form  of  force  instead  of  to  another. 

There  is,  indeed,  one  difference,  and  it  is  a  difference  in  favour  of 
the  older  school  of  Catastrophists  rather  than  of  the  younger — ^that 
whereas  there  never  could  be  any  doubt  of  the  adequacy  of  subter- 
ranean force  to  produce  the  effects  ascribed  to  it,  there  is  the  greatest 
doubt  of  the  adequacy  of  rain  and  ice  to  effect  in  any  time,  however 
long,  the  stupendous  changes  ascribed  to  them  by  Mr.  Geikie.  On 
the  other  hand,  there  is  really  nothing  stupendous  about  those  effects 
when  they  are  regarded  in  connexion  with  the  known  and  visible 
effects  of  subterranean  force.  The  highest  ranges  of  mountain  we 
have  are,  relatively  to  the  circumference  of  the  earth's  crust,  infi- 
nitely smaller  than  the  puckers  on  an  orange-skin. 

The  smallest  amount  of  shrinkage,  earthquake-waves  and  com- 
motions of  comparatively  the  gentlest  and  feeblest  kind  would 
suffice  to  produce  the  tossings  of  the  Highland  Hills.  Magnitude  is 
all  relative.  The  store  of  Time  and  the  store  of  Force  may  be  re- 
garded as  both  unlimited.  But  it  does  not  follow  that  in  accoimting 
for  any  given  effect  we  are  entitled  to  draw  to  an  unlimited  extent 
either  upon  the  one  or  upon  the  other.  Extravagant  demands  may  as 
easily  be  made  upon  the  one  as  upon  the  other.  The  inventions  and 
imaginations  to  which  the  extreme  Glacialists  resort  are,  beyond  all 
comparison,  more  violent  than  those  which  were  common  with  the 
old  Convulsionists.  Whole  contiDents  are  built  up  upon  the  top  of 
the  existing  mountains,  where  there  is  no  proof  whatever  that  they 
ever  existed ;  and  then  these  continents  are  all  ground  down  by  ice, 
or  washed  away  by  ordinary  surf,  and  yet  so  that  not  a  fragment 
shall  be  left  behind.  I  venture  to  believe  that  I  shall  have  some 
support  from  the  great  leaders  of  geological  science,  who,  in  power  of 
intellect,  are  still  young  among  us,  when  1  record  my  dissent  from 
the  extravagant  theories  of  the  younger  Glacialists. 


February  26,  1868. 
David  Homfray,  Esq.,  Port  Madoc,  was  elected  a  Fellow. 

The  following  communications  were  read : — 

1 .  ObservatioM  an  the  Parallel  Eoads  of  Glen  Rot. 
By  Charles  Babbaob,  Esq.,  F.R.S. 

(Communicated  by  the  Preeideni.) 

Many  years  have  passed  since  I  visited  the  remarkable  scenery  of 
the  parallel  roads  of  Glen  Koy.  Several  explanations  of  their  origin 
have  been  given ;  and  my  own  view  of  the  subject  was,  I  appre- 
hended, in  accordance  with  the  views  of  geologists.  The  recent  pa- 
per of  Sir  John  Lubbock  upon  that  subject  shows  that  the  causes 
which  have  hitherto  been  assigned  for  their  origin  have  not  yet  re- 
ceived general  assent.  Under  these  circumstances,  I  think  it  desi- 
rable to  record  the  very  simple  explanation  of  their  origin  which  had 
satisfied  my  own  mind. 


1 
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In  the  largest  of  a  system  of  valleys  many  hundred  feet  deep  and 
whose  sides  are  very  steep,  there  occur  three  lines  of  terraces  at  dif- 
ferent lieightii,  each  apparently  preserving  its  hoiizontality  over  an 
extent  of  above  twenty  mUes. 

The  sight  of  these  extensive  parallel  lines  immediately  suggests 
the  idea  either, 

Ist,  that  they  had  arisen  from  the  beaches  of  ancient  lakes  which 
had  formerly  filled  the  inten^jning  valleys,  and  that  the  levels  of 
those  lakes  had  at  distant  intervals  been  reduced  by  the  bursting  of 
successive  barriers  by  which  their  waters  had  been  confined  ;  or 

2ndly,  tliat  the}'  had  formed  the  beaches  of  a  system  of  fiords, 
or  nanx)w  inlets  of  the  sea,  which  had  been  elevated  at  various  times 
by  inteniid  heat. 

Th(>  first  of  these  suppositions  is,  I  believe,  most  generally 
adopted ;  and  it  appears  to  me  to  be  the  most  probable. 

These  parallel  roads  themselves  slope  gently  inwards  towards  the 
central  vallev.  Thev  are  about  50  feet  broad,  and  consist  of  the 
same  angular  fragments  of  stone  as  those  which  rest  ui)oii  the 
slopes  above  them.  No  one  who  has  seen  them  can  doubt  that  they 
are  the  result  of  water-levels ;  and  the  bursting  of  successive  bar- 
i-iers  seems  to  be  the  most  probable  cause  of  their  existence. 

But  the  diffioulty  still  remains  of  accoutiting  for  the  origin  of 
such  beaches  resting  upon  the  sloping  sides  of  very  steep  mountains 
and  themselves  covered  with  fragments  of  the  rock  on  which  they 
repose. 

"When  these  valleys  were  occui)i(jd  by  water,  the  lakes  were  not 
sufliciently  large  to  allow  of  the  formation  of  a  beach  by  the  action 
of  their  waves. 

If  such  lakes  had  existed  in  a  climate  in  which  their  waten  were 
7iever  frozen,  the  rain  which  poured  upon  the  upper  part  of  the  sur-r 
i-ounding  numnttdns  might  certainly  in  a  long  course  of  years  have 
washed  down  their  sides  a  multitude  of  the  fragments  similar  to 
those  now  lying  upon  their  steeply  inclined  surface.  The  ^-iuds  also 
would  hav(?  contributed  to  this  transfer  of  the  loose  stones  from  the 
higher  and  more  exposed  portions  of  the  mountain  to  lower  levels. 
Vnder  such  cirrumstances  the  detached  stones,  notwithstanding 
occasional  impediments,  would  descend  with  a  continually  increasing 
velocity.  On  reaching  the  surface  of  the  water  they  would  plunge 
obliquely  into  it,  still  advancing  until,  their  horizontal  velocity  being 
destroyed  ])y  its  resistance,  they  would  fall  vertically  to  the  bottom. 

If  such  lakes  had  existed  in  a  climate  in  which  thtff  were  oeca- 
sioiwUij  frozen,  hut  in  which  no  snow  fell,  then  the  oblique  impact 
of  the  stones  detached  by  the  wind  or  rain  would  cause  them  to  re- 
bound from  the  surface  of  the  ice,  and  advance  by  a  series  of  bounds 
far  beyond  the  margin  of  the  lake. 

If  such  lakes  were  situated  in  a  climate  in  which  the  mountains 
aliovt  them  as  wtll  as  the  Jakes  iheimselves  were  oceasionaUtf  covered 
with  snow,  then  the  slow  melting  of  the  snow  upon  the  upper 
parts  of  tlie  mountains  would  lubricate  their  sur&ce.  The  snow 
itself  would  gradually  subside,  canning  with  it  many  of  the  looae 
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fragments  of  stone,  until  it  might  at  last  even  sweep  down  in  little 
miniature  avalanches,  and  thus  cover  the  edges  of  the  frozen  lake 
with  a  multitude  of  loose  stones  which  had  previously  rested  upon 
the  inclined  surface  of  the  mountain,  and  even  with  some  of  those 
imbedded  in  its  soil. 

Thus  a  mound  of  snow  containing  the  debris  of  the  mountain  it- 
self would  be  formed  round  the  margin  of  the  lake  during  the 
winter.  On  the  return  of  summer,  this  margin  of  snow  as  well  as 
the  icy  covering  of  the  lake  would  slowly  melt,  and  the  accumulated 
debris  of  the  mountain  above  it  would  thus  be  quietly  deposited  in 
the  still  water  on  the  marghi  of  the  lake. 

An  analogous  case,  ansing  in  its  commencement  from  the  same 
causes,  although  dift'ering  in  its  ultimate  results,  occurs  when  the 
snow  falling  upon  the  higher  elevations  of  great  mountain-ranges 
accumulates,  and  from  time  to  time  rolls  down  their  sides  in  enor- 
mous masses,  carrying  with  it  the  fragments  of  rocks  which  were 
loose  upon  their  surface,  and  tearing  up  others  more  or  less  firmly 
attached.  The  valleys  thus  fiUed  up  are  called  "  glaciers ;"  and,  the 
same  causes  continuing  to  act,  there  are  often  formed  upon  their 
surface  one  or  more  lines  of  these  broken  fragments  of  rocks  near 
the  edge  of  the  glacier,  which  are  then  called  **  moraines." 

The  j)arallel  roads  of  Glen  Roy  are,  in  my  opinion,  the  results  of 
ancient  moraines,  generated  by  rain  and  snow,  upon  a  very  contracted 
scale. 

It  has  been  observed  that  in  the  highest  portions  of  glaciers  the 
substance  of  which  they  consist  is  opaque  ;  it  is,  in  fact,  condensed 
snow;  whilst  at  the  lower  ends  of  the  glaciers  which  terminate  in 
alpine  valleys,  the  opaque  structure  of  the  condensed  snow  has  been 
changed  into  clear  transparent  hard  ice. 

This  transformation,  which  I  have  explained  more  fully  elsewhere*, 
arises  from  the  circumstance  that  the  masses  of  frozen  snow  in  their 
transit  down  valleys  many  miles  in  length,  are  continually  cracked 
and  split,  generally  in  vertical  planes. 

The  friction  of  the  fractured  sides  against  each  other  generates 
heat  sufficient  to  melt  a  small  portion  of  the  indurated  snow.  The 
water  thus  produced  is  retained  within  the  narrow  fissures,  or  is 
spread  over  the  surface  of  the  opaque  ice  and  freezes  very  slowly.  It 
therefore  becomes  a  thin  layer  of  transparent  ice. 

The  ice  thus  formed  is  much  harder  than  the  opaque  snow-made 
ice,  which  is  full  of  bubbles  of  air ;  consequently,  when  the  next 
move  down  the  valley  produces  a  new  fracture,  it  will  not  occur  in 
the  transparent  ice,  but  in  the  opaque  consolidated  snow. 

Thus  in  their  long  passage  down  the  glacier  the  blocks  of  con- 
densed snow  arc  gradually  converted  into  pure  transparent  ioe. 
At  the  lower  end  of  one  of  the  glaciers,  I  was  enabled  for  a  short 
time  to  get  close  to  some  of  the  terminal  blocks.  I  could  distinctlj 
trace  in  these  the  wave-like  structure  of  the  transparent  ioe.  The 
preceding  explanation  rests  upon  the  passage  of  matter  not  in  a  state 
of  fluidity,  nor  yet  altogether  solid,'over  substances  of  a  harder  nature. 

*  PaAsages  from  the  Life  of  a  Philosopher,  chap.  zzziT.  p.  464:  Sto,  1864.  ' 
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In  a  similar  case  the  transit  of  winds  over  extended  sandj  plains 
leaves  behind  wave-like  elevations  in  the  fonn  of  sandy  dunes.  I 
remember  at  a  very  early  period  of  life  having  my  attention  strongly 
fixed  upon  the  curious  gyration  of  very  fine  sand  acted  upon  by  a 
continuous  breeze. 

Upon  a  level  plain  of  several  hundred  feet  in  length  and  breadth, 
covered  with  a  thin  layer  of  very  fine  sand,  I  observed  a  series  of 
little  vortices,  each  about  6  inches  in  height,  all  revolving  rapidly 
about  their  axes  in  the  same  direction.  Each  after  the  lapse  of  a 
short  time  disappeared,  and  others  continually  arose.  Unfortunately 
I  did  not  observe  the  character  of  the  surface  of  the  sand  over 
which  those  miniature  whirlwinds  traversed. 

I  now  return  to  the  second  theory — that  of  the  rapid  elevation  of 
a  group  of  islands  above  the  level  of  the  sea  at  several  distant  in- 
tervals of  time.  If  this  view  of  the  subject  is  adopted,  it  becomes 
necessary  to  assign  a  cause  capable  of  producing  such  an  efiect 
Many  years  ago  I  had  arrived  at  such  a  cause,  to  which  I  will  now 
refer,  although  I  do  not  think  it  the  true  cause  of  these  parallel  roads. 

During  a  visit  to  Naples,  in  the  early  part  of  the  year  1828,  I 
had  an  opportunity  of  examining  the  remarkable  changes  of  level 
which  had  taken  place  in  the  Bay  of  Naples,  and  in  the  sur- 
rounding country,  more  especially  those  indicated  by  the  remains 
of  the  Temple  of  Serapis,  which  greatly  stimulated  my  curiosity 
to  inquire  into  their  causes.  I  had  also  descended  into  the  crater 
of  Vesuvius,  then  in  a  state  of  active  eruption,  and  measured  a  base 
of  840  feet,  by  which  I  ascertained  its  depth  to  be  at  that  time 
about  500  feet. 

These  comparatively  recent  geological  occurrences  within  the 
period  of  history  formed  a  connecting  link  with  far  more  remote 
changes  which  geology  had  clearly  established.  I  felt  therefore  the 
want  of  some  definite  principle  which  should  be  alike  applicable 
to  the  whole  series  of  geological  changes. 

This  led  me  in  the  latter  part  of  the  year  1 829  to  a  generalization 
which  I  expressed  shortly  by  calling  it  the  theory  of  the  change  of 
isothermal  surfaces  within  the  earth. 

At  a  later  period,  at  the  request  of  Dr.  Fitton,  and  in  accordanoe 
with  the  wishes  of  Sir  Henry  De  la  Beche,  I  drew  up  a  paper  on 
the  subject,  which  was  read  at  a  meeting  of  the  Geological  Society 
on  the  12th  of  March,  1834.  I  shall  oiUy  extract  four  lines,  taken 
from  the  *  Proceedings '  of  the  Society. 

<'  Mr.  Babbage's  theory  therefore  may  be  thus  briefly  stated  : — In 
consequence  of  the  changes  actually  going  on  at  the  earth's  surfaee, 
the  surfaces  of  equal  temperature  within  its  crust  must  be  continu- 
ally changing.'"    (Proceedings  Geol.  Soc.  12th  March,  1834.) 

Another  important  consequence  necessarily  results  from  this  prin- 
ciple— that  the  continual  tr^sfer  of  matter  to  different  situations 
upon  the  earth's  surface  and  to  different  distances  from  its  centre 
must  continually,  though  very  slowly,  alter  the  position  of  its  cen- 
tre of  gravity,  and  also  the  position  of  its  poles  upon  its  sarfaee. 
Hence  it  follows  that,  in  penetrating  throagh  a  succession  of  strata 
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at  any  part  of  the  earth's  surface,  we  might  even  find  indications  of 
tropical  and  of  polar  climates  alternating  with  each  other  in  any 
order  of  succession.  But  the  theory  of  the  continual  change  of 
isothermal  surfaces  is  not  confined  to  the  narrow  limits  of  the  planet 
we  inhabit.  Wherever  the  causes  I  have  referred  to  are  in  action, 
similar  changes  must  be  taking  place.  Our  own  satellite  as  well  as 
all  those  attached  to  planets  in  our  own  or  in  other  systems  obey 
the  same  law.  There  is  sufficient  evidence  that  the  amount  of  the 
radiation  of  heat  from  the  sun  itself  is  continually  changing.  This 
change  will  necessarily  cause  analogous  changes  in  all  its  dependent 
planets.  The  stars  themselves  in  many  cases  have  given  indication 
of  change  in  the  intensity  of  their  light.  In  one  or  two  instances 
a  star  has  almost  suddenly  become  brilliant,  and  after  a  short 
period  nearly  resumed  its  former  appearance. 

I  have  entered  thus  fully  into  the  history  of  the  changes  of  iso^ 
thermal  surfaces  within  the  earth,  because,  during  a  late  visit  to  Cam- 
bridge, my  valued  friend  Professor  Sedgwick  informed  me  that 
he  always  concluded  his  annual  course  of  geological  lectures  by  ex- 
plaining **  HerscheVs  theory  of  the  change  of  the  isothermal  surfaces 
within  the  earthy  I  referred  him  to  tiie  dates,  and  informed  him 
that,  whilst  I  fully  admitted  the  originality  of  my  friend's  discovery, 
I  claimed  for  myself  its  long  previous  discovery  and  publication.  I 
delayed  the  printing  of  a  treatise  then  going  through  the  press.  I 
caused  woodcuts  to  be  made  to  illustrate  Sir  John  Herschel's  letter 
to  Sir  Charles  Lyell,  and  was  the  first  to  publish  my  friend's  subse- 
quent, although  quite  independent,  discovery  to  the  world,  in  the 
Notes  to  the  first  edition  of  the  Ninth  Bridgwater  Treatise.  The 
date  of  the  Preface  to  that  work  is  April  1837. 


2.  On  the  Origin  of  Smoothed,  Bx)vnded,  and  Hollowed  Sitrfaces 
of  LiiTESTONR  arid  Granite.     By  D.  Mackintosh,  Esq.,  F.G.8. 

(Abstract.) 

The  author,  believing  that  late  discussions  on  denudation  have 
reached  a  stage  which  requires  that  the  respective  claims  of  rain- 
water and  sea-waves  to  mould  rock-surfaces  should,  as  far  as 
possible  be  set  at  rest,  proceeds  to  state  the  results  of  his  observa- 
tions as  follows : — 

<'  Unless  rain-water  be  retained  for  a  certain  length  of  time  in 
previously  formed  hollows,  it  can  exert  little  or  no  chemical  infiuence 
on  rock-surfaces ;  and  therefore  the  principal,  if  not  all,  the  in- 
equalities found  on  the  sloping  or  vertical  sides  of  fragments,  blocks, 
or  faces  of  rock  must  be  either  the  original  fractured  surfaces,  or  pro- 
duced by  some  kind  of  mechanical  action.  Bain-water,  uncharged 
with  solid  matter,  such  as  sand,  can  exert  little  or  no  mechanical 
power  on  hard  rocks.  The  chemical  action  of  rain-water  can  en- 
large previously  formed  hollows ;  and  where  retained  for  a  sufficient 
time,  it  can  dissolve  out  fossils,  and  develope  the  stmctural  form  of 
rocks.    Rain-water,  not  concentrated  into  streams  of  sufficient  force. 
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can  never,  either  chemically  or  mcchamcnlly,  produce  a  smooth  and 
regular  surface  by  shanng  away  hard  and  soft  X)arts  alike,  or  by 
cutting  e(iually  through  crystals  of  a  diiferent  nature,  but  must 
always  leave  a  surface  minutely  corresponding  to  the  denudability 
of  the  parts  (of  the  crystals)  of  rocks;  it  can  only  roughen,  or  leave  a 
surface  more  or  less  zigzag  in  profile.  In  Devonshire  and  elsewhere, 
on  all  granites  used  in  building,  atmospheric  weathering  leaves  a 
surface   rough  in  proportion  to  the  size  and  varied  nature  of  the 

cr}stals,  and  never  a  smooth  or  uniformly  curved  outline." 

**  A  smooth  or  polished  surface  (not  involved  in  the  structure  of 
rocks)  whether  a  plane ,  a  curvilinear  hollow  ^^ — ,  a  curvi- 
linear protuberance  ^ — ^,  or  a  curvilinear  hole  0>  can  only  be  pro- 
duced (leaving  ice  at  i>resent  out  of  consideration)  by  human  agency, 
or  naturally  by  water  charged  with  sand  or  stones,  and  acting  with 
a  force  sufticient  to  overcome  inequalities  of  structure  to  a  certain 
extent."  The  author  verified  these  statements  by  appealing  to  the 
street  pavements,  or  curbings  of  granite  and  limestone,  in  Exeter, 
Dawlisli,  and  Teignmouth.  He  then  described  moulded  surfaces  of 
limestone  both  exposed  and  protected  by  red  loam,  on  the  Mendip 
Hills.  **They  resemble  workrt  of  art  in  consisting  of  cur^^linear 
heights,  hollows,  through-perforations,  and  grooves.  The  figures 
are  often  geometrically  exact.  The  hollows  vary  in  depth,  from 
shallow  saucer-like  dei)ressions  to  pot-shaped  cavities.  The  through- 
perforations  are  sometimes  more  than  a  foot  in  diameter,  more  or 
less  funnel-shaped,  and  as  smooth  and  regular  a«  if  turned  out  in 
a  lathe.  Xo  phetiomena  at  all  resembling  them  are  now  in  course 
of  being  formed,  excepting  on  sea-coasts,  and  in  the  channels  of 
rivers."  "  Fac-similes  of  them  are  to  be  found  on  many  sea-coasts 
at  the  present  day.''  They  arc  ground  out  by  the  gyratory  action 
of  waves  charg(Kl  with  sand,  or  by  waves  wielding  a  stone  or  stones. 
The  author  concluded  l)y  describing  an  extraordinary  assemblage 
of  regularly  arranged  limestone  flags,  like  grave  stones,  with  natu- 
ral inscriptions  consisting  of  grooves  generally  parallel,  but  often 
bending  round  at  nearly  right  angles — both  trough-shaped  and 
running  the  whoW  length  of  the  flag — ^very  smooth  and  regular  in 
form,  their  profile  resembling  the  letter  U.  He  believed  they  could 
not  be  explained  by  the  action  of  land-ice,  and  thought  that  the 
theory  of  the  to-and-fro  motion  of  sea- waves,  laden  with  coast- 
ice  charged  with  stones,  oflered  the  most  satisfactory  explanation  oT 
all  the  phenomena.  They  may  be  seen  a  short  distance  to  the  west 
of  ^Linera,  near  Wrexham,  on  a  limestone  tableland  marked  Ty  Mr 
on  the  Ordnance  map. 


3.  Oh  (t  Striking  Instance  of  Appauent  Odliuub  Lahinatiov 
hi  Granite.     By  D.  Mackintosh,  Esq.,  F.G.S. 

(Abstract.) 

In  this  paper  the  author  draws  attention  to  the  resemblance,  at 
first  sight,  presented  by  many  of  the  tors  and  clifis  of  granite  on 
Dartmoor,  to  the  forms  assumed  by  the  Millstonc-grit  in   ~ 
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and  states  that,  among  the  former,  the  apparent  lines  of  lamination 
and  stratification  are  often  as  distinctly  marked  as  in  the  latter. 
His  object,  however,  is  not  to  defend  a  theory,  or  to  deny  that 
certain  granites  may  be  of  directly  igneous  origin  and  intrusive, 
but  to  bring  into  notice  several  phenomena  •  in  which  the  linear 
stnicture  of  granite  seems  to  suggest  the  idea  of  original  aqueous 
deposition : — (1)  a  semidetached  portion  of  one  of  the  ranges  of  cliffe 
called  Hountor  Rocks,  in  which  there  is  the  appearance  of  strata 
embracing  lamina),  the  second  stratum  obliquely  denuded,  a  third 
thrown  down  on  an  inclined  plane,  and  horizontal  deposition  resumed 
in  the  fourth  or  uppermost  stratum  ;  (2)  the  Kestor  llock,  near 
Chagford,  the  apparent  lamination  of  which  is,  in  several  places, 
obli(iuely  crossed  by  fractures  of  the  nature  of  joints ;  (3)  the 
Blackenstone  llock,  which  presents  a  very  regular  series  of  beds  ; 
(4)  the  Hey  Tors,  especially  the  western  boss  of  rock,  in  which  two 
very  different  kinds  of  granite  are  separated  by  a  distinct  line 
parallel  to  the  lines  of  apparent  lamination  and  stratification  below 
and  above. 


4.  On  the  Mode  and  Extent  of  Encroachment  of  the  Sea  on  some 
parts  of  the  Shores  of  the  Bristol  Channel.  By  D.  Mackintosh, 
Esq.,  F.G.S. 

Contents. 

5.  Haised  Sea-bed. 


1.  Introduction. 

2.  Form  of  Soa-ooast  near  Watchet 

3.  Extent  of  Strata  removed. 

4.  Recent  rate  of  Encroachment. 


6.  Encroachments  near  Weston-super- 
Mare. 

7.  Posttertiary  Submergences. 


1 .  Introduction. — In  a  paper  read  before  this  Society,  Nov.  8th, 
1865*,  Mr.  God  win- Austen  brought  forward  very  satisfactory 
reasons  for  concluding  that  the  area  of  the  Bristol  Channel  was  dry 
land  during  the  (now  8ubmarine-)forest  era,  and  that  it  must  after- 
wards have  subsided  to  a  depth  of  at  least  120  feet,  as  a  submerged 
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Fig.l. 


land-surface  is  now  found  at  that  depth  under  the  sea-leTel. 
Whatever  relative  changes  in  level  the  land  and  sea  may  have  sub- 
sequently undergone,  it  is  obvious  that  the  general  tendency  of  the 
waves  and  '*  ground-sea  "  or  *'  Atlantic  drift "  (which  is  sensibly  felt 
beyond  Watchet)  has  been  to  destroy  the  contour  of  the  gradually 
rising  shores  by  wearing  them  back  into  difis.  As  a  consequence, 
the  extent  of  the  encroachment,  since  the  forest-area  went  down^ 
may,  in  some  localities,  be  approximately  ascertained. 

2.  Form  of  Sen-coast  near  Watchet. — Let  Fig.  1  represent  a  trans- 

*  See  Quart.  Journ.  Geol.  Soc,  vol.  xxii.  p.  i. 
VOL.  XXIV.— #part  I.  *  X 
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vewe  sMii.m  of  tin-  ciKi-t  immediately  to  tlie  east  of  Waltbet  liar- 
b"ur  (luuking  cast);  Ai(  the  supposed  Burtace-cuiilour  whfn  tlie 
fiirest-aioa  was  Jirst  submi-rutd ;  e,  (lie  jKisitihli'  It-vcl  uf  tho  i»ti» 
diiriii);  till?  iScnibitulariii-iimd  ]ionod  (whicb  must  have  ln-i-n  relii- 
tivdy  hiKliLT  ihiiii  at  priMul);  </,  tUe  pniKnt  high-tide  k-vel ;  K, 
Infrahassii.C:')  strata.  The  sea  would  bi'^ii  bv  iiiakin;;  a  liue  of 
cliifs  at  F,  which  it  winild  wear  backwards  aud  downwaiii*  as  tho 
huid  t;ra(bially  rose  tu  ils  present  uUitudi-.  In  this  way.  1  think, 
there  can  Ik-  lilth' dmilit  Ibe  great  moss  of  strata  AKBFA  b«8  been 
denuded ;  so  tliaf  the  ilea  ba»  not  here  oveiHowed  a  Bubsiilod  area, 
but  really  eueriwlied  on  the  land. 

;j.  Evi^iit .,/  .Si,;ilfi  rri,ioi:  i/.— Tlic  avcnitte  height  of  the  cliff  K  IJ 
is  at  least  it*'  fret.  The  hiirc  nicky  bottom  of  the  Hca.  1  have  been 
assured,  exieiids  nearly  ii  mile  from  the  clitf  in  the  direction  of  A  ; 
and  there  the  lii>it  traces  of  the  t-ahmarino  foresi,  consisting  of  uji- 
ri^'ht  sliiiii]i8  of  Irci's.  &e.,  have  been  found.  An  in  ist'icntific 
iinjuiries  it  in  hett<T  to  iiiidi-mtte  than  tlie  conlniry,  if  we  suppose 
only  h]il['  a  iiiih-  tu'inti  neiie  U-tween  the  slumps  A  and  the  elill'  K 
tand  I  hiivc  met  with  no  nno  who  would  not  regard  this  a»  an under- 
estinint'-i.  it  »ill  lie  iilivii>u!i  that  the  iiea  liait  ri'cently  had  no  Amall 
ahHTv  in  th''  (Iciiuil.ition  of  the  Hriiitol  (.'linnnel.  whatever  may  have 
been  thr  i:ni-i-  nf  ihc  original  excavation.  A  ronliuuanee  of  the 
jireseiit  ihihIc  ami  <liL%'ciion  of  eneroucbnKiit  wontd  entirely  remove 
the  high  frn.und  li.-iwii-n  Wutehet  and  Williton,  and  wear'back  the 
flopes  of  the  Itrendon  liilla  into  toweling  eliffN,  Taking  other  partu 
of  the  coast,  when'  similar  eiicroacbmentu  tin.-  in  pmgreiw,  into  eon- 
Kideration.  it  may  safely  be  inferred  thai  a  sulHeiently  prolonged 
occH]ialion  of  the  ItnHtoI  Chunnel  by  Ihc  Bca  wotild  enlai^  it  to  a 
verj-  great  extent.  It  is  likewise  ohdous  that  many  wide-xpreading 
ploina  with  sti!e]i  esiaqiinenta  at  iiitervaK  now  fur  inland,  may 
have  been  formeil  out  of  river-valleya  by  tlie  sea  wearing  hack  it« 
cliffs,  and  that  this  nniy  even  liave  taken  place  in  f-ituations  compa- 
ratively shellereiJ.  as  is  tlio  case  with  the  Ihistol  Channel  at  tho 

4.  Jttfiti  i-iif-  iif  /•.''irr.'tichiiitnt. — I  learned  from  a  very  old  fisher- 
man nt  ^Vaulie;.  wljo-^e  veracity  no  one  seemed  to  doubt,  and  whonc 
utatemeuls  ('iiniiriiiiig  the  eneroHchmcntiiof  the  sea  were  directly  or 
indirectly  cuiToboralid  by  others*,  that  not  more  than  ISW  yeara 
ago  a  lucnciy.  belonging  to  a  Mr.  Davies,  stood  at  a  distance  of  at 
lea.iit  'J"V  yaidn  from  tlie  prewnt  cliff  east  of  Wuteliet  harbour,  aud 
that  rocks  under  its  ^ite  nrcKtill  rvec^iied.  There  was  likewise  a 
village  (hamlet?!  calb'd  l-'asentoii,  to  which  the  fisherman's  great- 
graniU'iither  wa'*  in  the  habit  of  going  for  a  mug  of  beer,  the  site  of 
the  furtliest  east  pint  of  which  is  now  about  a  quarter  of  a  mile 
from  the  coii.tt.  To  the  wesit  of  A^'atehet.  the  sea  is  encroaching  ou 
a  high  ridge  and  undermining  large  bloeks  of  sandstone  interwoven 
with  alaba-lcr.  which  it  carries  entirMy  away,  or  scatters  and  pilti 

■  I  rniinil  (lio  rullaviiig  rreord  ininng  tb»  doeumrnl*  oT  ■  Kolidtor  of  Willi- 
tua:— NiniiurRaolu-rlniMrtijrWftieliMl  in  lee^.Bbuni  ind  other  buiMiaga. 
with  unilHird  and  giinWu  Lrvuiid.    la  ITSl,  all  gun*  to  tea. 
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up  in  strange  confusion.  Under  the  lofty  cliffs  there  is,  generally 
speaking:,  n  block-beach — further  seaward,  shingle  and  sand,  often 
alternating  along-sliore — then  rocks  more  or  less  covered  with  clay 
or  silt,  succeeded  by  ridges  of  bare  rocks,  like  natural  breakwaters, 
which  extend  seaward  to  a  great  distance.  The  bed  of  the  sea, 
here,  is  far  from  being  level,  though  the  inequalities,  it  is  true,  are 
on  a  small  scale.  At  intervals  along-shore  there  are  miniature  bays, 
which  are  concealed  at  high  water.  Indeed  the  configuration  of 
the  sea-bed  under  and  for  some  distance  from  the  cliffg  very  much 
resembles  the  uneyen  ground  at  the  base  of  many  inland  escarpments. 
Beyond  Blue  Anchor,  the  old  forest-ground  rises  out  of  the  sea, 
passes  under  a  ridge  of  shingle,  and  runs  along  the  adjacent  valley. 

5.  Raised  Sea-berl. — Immediately  to  the  east  of  Watchet  a  greater 
or  less  thickness  of  gravel  may  be  found  filling  up  hollows  in  the 
Infralia8(?).  It  consists  of  well-rounded  pebbles  of  quartz.  Old  Red 
sandstone,  Devonian  slate,  &c.  Further  eastwards,  in  Doniford  Bay, 
it  attains  a  thickness  of  at  least  20  feet,  with  a  covering  of  about 
4  feet  of  loam.  Its  surface  there  inclines  in  an  easterly  direction 
until  it  passes  under  the  sea-level.  Landward  it  extends  along  the 
valley  leading  to  Williton,  or  thins  out  against  tlie  slopes  of  the  hills. 
Near  Watchet  it  rises  to  a  level  above  the  sea  of  at  least  50  feet. 
Is  it  of  the  same  age  as  the  shingle  of  the  so-called  raised  beaches  ? 

6.  Encroachmen  ts  near  WestOii'S^fner-Mare, — The  sea  is  converting 
slopes  into  cliffs,  where  it  is  not  sUting  up  flat  areas*,  from  Brean 
Down  to  a  considerable  distance  northwards.  Both  sides  of  Brean 
Down  (the  outcrop  side  and  dip  side)  bear  witness  to  its  action. 
On  the  latter  the  appearance  of  a  terrace  about  30  feet  above  high- 
water-mark  strikes  the  eye  at  a  distance.  It  has  been  regarded  as 
a  "  raised  beach  ";  but  I  am  not  aware  that  it  has  ever  been  particu- 
larly examined.  Near  Weston,  the  sea  is  forming  a  line  of  cliff  on 
the  north-western  side  of  Weorle  Hill,  which  runs  nearly  parallel 
to  what  appears  to  be  an  old  line  of  sea-cliff  near  the  top  of  the  hill. 
At  Birnbeck  Cove  its  encroachments  have  disclosed,  or  rather  nearly 
destroyed,  the  last  remnants  of  a  genuine  raised  beach,  which,  as  it 
may  soon  be  no  more,  deserves  a  brief  description.  I  found  it  repre- 
sented at  intervals  along  the  top  of  the  cliffs  from  the  Flagstaff,  aa 
far  as  the  bathing-cove,  by  small  rounded  flints,  angular  flints  like 
chips  or  flakes,  angular  fragments  of  limestone,  and  loam,  in  places 
covered  with  a  thin  laver  of  rounded  stones — the  whole  associated 
with  land-  and  sea-shells  {Littorina  and  TeWna),  ITie  raised 
beach  assumes  its  most  derided  character  in  Birnbeck  Cove — a  small 
recess,  which  in  stormy  weather  is  one  day  choked  up  with  blocks 
and  shingle,  and  the  next  cleared  out  by  the  sea.  A  brief  description 
of  the  raised  beach  has  been  given  by  Mr.  Day  in  the  '  Geological 
Majrazine'  (March,  1866),  with  a  theoretical  transverse  section.  I 
subjoin  a  front  view  in  Fig.  2.     It  rests  on  the  upturned  and  denuded 

*  A«  a  general  rule,  where  conditions  are  favourable  to  both  proceMies,  the 
iii>a  AiltH  up  ralleyt  and  denude*  hills.  Altematelj.  alonff-shore,  it  acts  as  a  pre- 
Merver  and  destroyer  of  land  surfaces.  This  fact,  I  think,  ought  to  be  bom^  in 
mind  in  speculating  on  the  action  of  the  sea  during  the  glacial  submergence. 

x2 
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7.  J'l-allei-liiiri/  Sid-nifrrjiiif-rs. — A  aubiuergcHcc  of  botwcpn  25 
ami  ;ii>  fi'il,  KUfh  an  thiit  iiidieatud  by  tlio  miswl  bcacli  ncur  Wes- 
ton, would  t}ii'i)W  tile  pkiiiis  or  i»ud-flittB  nenr  Weiitun,  Clcrodon, 
lliiniliiiiii,  l!i'id{;cwatfi',  &e.  under  a  ceiiBidenible  depth  of  water. 
DiiriiiK  the  time  or  timeK  the.-w!  fluts  were  Buhmei^ed,  the  cav<« 
Hituiited  wilhiii  nwcli  uf  the  waves  would  neccaBarily  become  more 
or  h's^  roiiTid<.-d  and  Hiuoolhed,  if  not  oiiiiidy  oxcaratcd.  Mr.  Pooler, 
r.(i.S.,  ut'  \Veflt<)n-»uiit;r-3Iarc',  lati'ly  discorored  a  cave  (now  built 
o\iij  near  tilt'  Kfii-kvel,  at  Southisidc,  Weston,  the  sides  of  which 
were  L'oi-iiicod  with  c^mooth,  parallel  and  horizontal  groovea.  Hr. 
I'ouli'y  tdlM  nie  that  Bimilar  eornicin;^  inuv  be  seen  in  the  caves 
mar  l-oxtoii.  ITie  nivc  in  the  face  of  the eli'ff  near  L'lihill,  described 
by  Sir.  Day  ill  the  '  Cieult^cal  Magazine,*  exhiliita  smoothlj*  rounded 
iiriil  ^nioottily  hollowed  surfaees,  with  pot-nhaped  carities.  This,  I 
incfrtiiinwl,  wum  likewise  the  case  with  a  Hmoll  cave  «t  a  lower  level 
t'lii-lher  south,  which  is  partly  filled  with  a  loamy  sand.    The  cavea 

*  TliP  tmp.  I  birlim.  ban  hitlicrto  been  rpgardixl  m  infrntive.  Butaram- 
)in'lH->ii>iv(>  ir»iipctiiiii.  will,  I  tliiiik,  diow  Uiat  it  in  ■  bnl  whirh,  in  a  ftued  itale, 
uiiuil  Itavp  lldwcd  oTiT  llip  limnrtone  tmmtth.  brriire  (he  linisttone  aboreKa* 
ilt!|HMilHL  Mr.  Ravi'',  uf  Briktol,  telLi  nie  tliorr  i*  ■  aiuiikr  bed  of  Uap  in  tfa« 
linivetiinv  nnr  Saudpuint,  tu  Ilie  nurUi  of  Wntuii. 
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among  the  Cheddar  Cliffs  furnish  similar  and  even  more  convincing 
evidences,  not  only  of  the  action  of  water,  but  of  water  so  charged 
with  solid  matter  as  to  be  capable  of  grinding  rock-surfaces.  In 
these  and  other  limestone  caverns,  the  roof  is  often  hollowed  in  such 
a  way  as  to  indicate  a  powerful  and  upwardly  directed  grinding 
agency,  such  as  is  now  only  possessed  by  sea-waves. 

From  the  amount  of  knowledge  hitherto  collected,  it  would  seem 
impossible  to  form  a  consistent  scheme  of  the  later  oscillations  to 
which  tlie  shores  of  the  Bristol  Channel  have  been  subjected.  The 
statements  concerning  lioman  and  other  relics  found  under  silt  and 
j)eat  near  Bridge  water,  and  further  towards  the  north,  contained  in 
the  *  Transactions  of  the  Somersetshire  Archaeological  Society'*,  can- 
not be  consistently  generalized  by  supposing  any  great  changes  in 
the  relative  levels  of  land  and  sea  to  have  occurred  in  historical 
times ;  but,  with  a  little  allowance  for  inaccuracy,  they  can  be  in- 
cluded in  a  probable  explanation  by  supposing  that  the  natural  or 
artificial  embankments  of  the  sea  have,  in  different  places  and  at 
different  times,  been  breached,  so  as  to  lay  the  lower  land  behind 
under  water  for  periods  of  greater  or  less  duration,  and  that  the 
extent  of  dry  land  has  been  increased  by  the  growth  of  peat  in 
marshes  and  a  process  of  natural  silting  up,  which  causes  an  appa- 
rent retreat  of  the  sea  without  any  real  change  of  level.  A  good 
section  of  the  internal  arrangement  of  the  mud-flats  was  ver}'  lately 
(1866)  furnished  by  digging  a  well,  in  presence  of  the  author,  near 
M.T,  Candy's  house,  Lower  Clevedon.     Order  descending : — 

feet. 

Blue  clay,  with  a  few  stones   10 

Peat,  with  alder-branches  and  a  few  bones  of  deer  (?).     2^ 
Fine  light- coloured  sand,  thickness  unknown. 

In  the  immediate  neighbourhood,  at  the  base  of  the  limestone  es- 
carpment, the  detrital  covering  of  the  hills  seems  to  run  under  the 
sand. 


5.  On  the  Two  Plains  of  Hertfordshire  and  Ouir  Gravels.  By 
T.  M^K.  Hughes,  Esq.,  M.A.,  F.G.S.,  of  the  Geological  Survey  of 
England. 

Contents. 


1.  Introduction. 

2.  Physical  G^eog^^phy. 

3.  Gravel  of  the  Upper  Plain. 

4.  Gravel  of  the  Lower  Plain. 


5.  River-Gravelfl. 

6.  Summary. 

7.  Conclusion. 
Postscript. 

1.  Introditction, — The  observations  on  which  the  following  paper  is 
founded  were  mostly  made  in  the  spring  months  of  1865  and  1866, 
while  engaged  in  canying  on  the  Geological  Survey  of  part  of  the 
neighbourhood  of  Hertford,  and  are  now  published  witii  the  per- 
mission of  the  Director-General  of  the  Survey. 

^  See  references  to  some  of  these  stAtements  in  Mr.  Poole's  article,  Quart. 
Journ.  Geol.  Soc.  vol.  xx.  p.  120. 
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2.  Phijsiad  (xeographif. — As  we  stand  on  the  high  ground  near 
Hertford  Heath,  Brickenden,  Bayford,  Essenden,  or  the  upper  part 
of  Hatfield  Park,  we  can  hardly  fail  to  observe  that  all  those  flat- 
topped  hills,  togother  with  the  high  wooded  country  north-west  of 
Bramfield  and  north  of  St.  Albans,  form  part  of  a  great  plain  ex- 
tending as  far  as  the  eye  can  reach  in  all  directions,  the  boundary  of 
which  is  somewhere  far  beyond  the  district  under  consideration. 

Out  of  this  highest  plain,  a  great  valley  has  been  excavated,  the 
bottom  of  wluch  itself  forms  another  plain  of  very  considerable 
extent,  upon  which  Ba}'tbrdbury,  Hertingfordbury,  Beugeo,  Bram- 
field, Cole  (jrrcen,  Wr*lwyn  Junction,  and  the  lower  part  of  Hatfield 
Park  stand.  The  boundary  of  this  lower  or  valley-plain  is  well 
defined.  In  the  district  under  examination,  it  is  bounded  on  the  X. 
by  the  hills  which  rise  suddenly  behind  Bramfield,  on  the  W.  by 
the  hills  which  run  from  Welwyn  to  St.  Albims,  and  on  the  S.  by 
the  hills  which  extend  from  Hertford  Heath  to  Hatfield  Park.  It 
spreads  out  to  the  S.  between  St.  Albans  and  Hatfield,  and  runs  to 
the  E.  and  S.K.  by  Ware  and  Panidon,  while  it  probably  extends 
round  the  base  of  the  higli  ground  behind  Bramfield  far  to  the  N.E. 
Out  of  this  lower  or  valley-plain  the  small  and  comparatively  new 
valleys  of  the  Uib,  the  Beane,  the  Miniram,  and  the  Lea  have  been 
excavated. 

The  section  (fig.  1 )  is  drawn  N.  15°  W.  and  S.  15°  E.,  through  Hert- 
ingfordbury, from  Hricketiden  Cireen,  about  three  miles  south  of 
Hertford  to  Bright's-Hill  Wood,  about  one  mile  north  of  Bramfield, 
and  is  intended  to  show  the  relation  of  the  two  plains  to  one  another, 
and  to  the  present  river- valleys. 


Fig.  1. — Section  from  fh'icl'rnden  Gre/n,  three  miles  soutfi  of  Utri- 
ford,  to  Bri(jht's-JIiil  Woodf  otie  mih  north  of  BraniJiehL 


a.  Bouldcr-clay. 

b.  Subnngiiliir  gravi'l.  wind,  and  loam  of 
Lowor  riiiin.  with  boulder-clay  under  it, 
in  it,  and  on  it. 


c.  Pcbblfsgravel  of  Higher 
Plain;  large  percentage  of 
quartz. 

d.  Chalk  and  Tertiariea. 


3.  (travel  of  the  Upper  Plain, — Now  let  us  examine  the  character- 
istic Posttertiar}'  deposits  of  these  two  plains,  and  see  what  light 
this  will  throw  on  their  relative  age. 

The  Boulder- clay  rests  on,  never  under  or  m,  the  gravels  of  the 
Upper  Plain  ;  but,  as  it  overlaps  the  gravel,  and  lies  equally  on  the 
slopes  of  the  hills  and  on  the  liower  Plain,  its  manner  of  oocarrenoe 
only  proves  that  the  gravels  of  the  Higher  Plain  are  older  than  any 
Bouhh'r-clav  in  that  district. 
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The  gravel  of  the  Upper  Plain  consists  chiefly  of  pebbles ;  of  these, 
about  fifty  per  cent,  are  of  quartz,  about  ten  per  cent,  of  quartzite, 
about  five  per  cent,  various  (t>uch  as  jasper  and  a  conglomerate  of 
quartz  pebbles  in  quartzite),  and  the  rest  flint.  Sometimes  the  re- 
lative proportions  of  quartz  and  flint  change  places ;  but,  as  a  general 
rule,  if  we  take  pebbles  the  size  of  an  egg,  we  shall  find  a  larger  per- 
centage of  fiint ;  and  if  we  select  those  of  the  size  of  a  pea,  a  larger 
percentage  of  quartz.  There  are  just  enough  subangular  flints  and 
large  partly  worn  pieces  of  quartz  &c.  to  show  that  this  gravel 
derives  its  pebbly  character  from  the  waste  of  older  pebble  beds,  with 
which  the  unworn  fragments  got  mixed,  and  not  that  they  were  all 
worn  together  into  pebbles  along  the  sliingly  shore  of  the  Higher- 
Plain  Gravel-sea. 

From  their  great  extent,  persistent  character,  and  uniform  level, 
I  think  these  gravels  of  the  Higher  Plain  must  be  a  marine  deposit ; 
but  without  a  careful  examination  of  the  old  coast-line,  and  of  their 
behaviour  as  they  approach  the  Crag  country,  I  should  not  like  to 
give  any  opinion  as  to  their  age. 

They  may  be  well  examined  at  Queen  Hoo  Hall,  Bright's-Hill 
Wood  and  elsewhere  near  Bramfield,  at  Hertford  Heath,  Brick- 
enden  Green,  Bay  ford,  Berkhampstead,  Essenden,  and  behind  the 
kiln  at  Hatfield  Park*. 

4.  Gravel  of  the  Lower  Plain, — The  gravels,  &c.,  of  the  Lower 
Plain  vary  far  more  in  their  arrangement  and  composition  than  those 
of  the  Higher  Plain.  Generally,  they  may  be  said  to  consist  of  about 
fifty  per  cent,  of  pebbles,  of  which  about  ten  per  cent,  are  of  quartz, 
ten  per  cent,  of  quartzite,  and  about  thirty  per  cent,  of  flint,  derived 
from  the  Tertiaries  or  Higher-Plain  Gravel.  The  remaining  fifty  per 
cent,  are  chiefly  subangular  flints  with  a  few  bits  of  ironstone,  a  few 
fossils  from  the  Lias  and  Oolite,  and  a  few  of  the  black  partly  formed 
pebbles  that  occur  at  the  base  of  the  London  clay.  These  subangular 
flints  look  as  if  they  had  been  broken  and  weathered  by  surface- 
action,  and  are  such  as  might  be  derived  from  any  exposed  flinty 
soil.  Occcuiionally  we  find  flints  hardly  rolled  or  broken  at  all,  as  if 
they  had  been  derived  directly  from  the  chalk,  or  from  the  Boulder- 
clay,  which  often  preserves  them  in  that  state,  and  had  only  suffered 
such  decomposition  of  the  surface  as  would  result  from  their  l3ring 
in  the  porous  gravel.  There  is  frequently  a  great  quantity  of  false- 
bedded  sand ;  and  about  the  middle  of  the  deposit  we  often,  indeed 
generally,  find  a  bed  of  brown  loam  and  clay,  passing  sometimes  into 
Boulder-clay,  with,  as  usual,  drifted  Oolitic  fossils,  rolled  and  scratched 
lumps  of  chalk,  &c.  This  may  be  examined  in  the  railway-cuttings 
north  of  Hatfield,  and  in  a  pit  on  the  hillside,  east  of  the  oil-mill 
south-west  of  Hertford.  It  can  be  traced  all  along  the  hillside 
from  that  to  Hatfield  ;  but  there  is  no  other  good  section  here.  Mr. 
Baker,  of  Bayfordbury,  informed  me  that,  in  sinking  a  well  at  the 
east  end  of  his  house,  they  passed  through  13  feet  of  springy  gravel, 
20  feet  of  dark-blue  day,  and  10  feet  of  loose  gravel  and  sand 
lK*fore  they  reached  the  chalk.  These  middle  beds  can  be  seen  also 
*  Sec  Geological-Survey  Memoir  on  sheet  7,  p.  22. 
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near  Cole-Groeii  Station,  uud  in  some  good  soctions  on  the  hillside 
bouth  of  the  Miraram,  near  To  win. 

Boulder-clay  sometimes,  but  rarely,  occurs  at  the  base  of  the 
gravels  of  the  Lower  or  Valley-Plain.  There  is  a  small  patch  of 
reconstructed  chalk  and  Boulder-clay  resting  on  the  chalk  and 
covered  by  the  gravel,  in  a  road-cutting  south  of  Broad  Oak  End 
Farm  ;  and  obscure  sections,  proving  the  same  order  of  superpositioii, 
occur  along  the  west  side  of  the  Beane,  between  that  and  Hertford. 

Near  Ware,  we  have  a  very  peculiar  development  of  these  beds. 
Resting  on  the  chalk  (as  seen  south  of  Ware  Park,  and  in  the  gravel- 
pits  near  Ware,  and  as  found  by  sinking  in  the  brickfields  west  of 
Ware),  there  is  a  varying  thickness  of  sand  and  gravel,  sometimes 
with  large  boulders.  This  gravel  rises  in  a  long  bank,  running  west 
from  Ware ;  and  behind  the  bank,  and  on  its  north  slope,  there  is  a 
deep  deposit  of  brick-earth,  sometimes  to  40  feet.  This  brick-enrth  is 
an  even-bedded  loam,  sometimes  finely  laminated,  like  the  W^arp  of 
the  Humber,  where  the  lamination  is  known  to  be  due  to  tidal  action. 
Some  of  the  beds  of  loam  are  folded  and  crumpled  up,  and  then 
covered  by  horizontal  beds,  in  the  manner  generally  ascribed  to  ice- 
uction.  On  the  top  there  are  irregular  patches  of  Boulder-clay  and 
ferruginous  subangular  gravel :  also  near  Hertford,  in  the  brick- 
field near  th<^  Intinnarj',  there  is  a  brick-earth  in  the  I^wer- Plain 
gravel ;  and  in  the  large  gravel-pit  on  the  north  side  of  the  same  hill 
there  is  a  band  of  clay  near  the  lower  part,  which  seems  to  pass  into 
a  brick -earth  at  its  east  end.  On  the  whole,  it  would  appear  that 
these  brick-earths  are  local  developments  of  the  middle  chiys  of  the 
Lower  Plain. 

Some  of  these  clays  are  very  impervious  to  water  ;  and  therefore 
the  gravel  above  them  is  stained  red  by  the  action  of  the  surface- 
water,  while  that  below  preserves  its  butf  or  grey  colour ;  but  I  have 
not  found  any  constant  characteristic  by  which  we  can  distinguish 
the  gravel  above  the  clays  from  that  below :  in  one  section  we  find 
the  coarser  deposit  above  ;  in  another  it  will  be  chiefly  below. 

I  would  refer  the  gravels  of  the  liOwer  or  Valley- Plain  also  to 
marini*  action — from  the  Boulder-clay  in  them,  from  the  great  extent 
of  the  middle  clays,  from  the  manner  of  occurnmce  of  the  banks  of 
gravel,  and  from  the  estuarine  character  of  the  Ware  brick-earths. 

5.  liiver-Gravck. — The  deposits  of  the  third  period,  or  that  of  the 
present  rivers,  do  not  call  for  any  detailed  remarks  in  connexion  with 
the  points  under  consideration.  They  consist  of  the  usual  clays, 
brick-earths,  subangular  and  mixed  gravels,  and  may  be  examined 
along  any  of  the  rivers  of  the  district,  especially  close  to  the  railway - 
station  at  Kingsmcody  near  Hertford,  and  near  the  mill  east  of  fiat- 
field  Park. 

G.  Summary. — Thus  we  have  in  the  neighbourhood  of  Hertford 
evidence  of: — 

1st.  A  plain  of  marine  denudation  of  great  antiquity,  on  which 
occurs  a  very  marked  pebble -gravel. 

2nd.  A  period  of  emergence,  during  which  great  vallop  were 
*conp<'fl  n\ii  of  that  plain. 
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3rd.  A  peried  of  submergence,  when  most  of  the  old  valley-deposits 
were  re-sorted,  and  Boulder-clay  deposited  under,  in,  and  on  them. 

This  submergence  went  on  until  the  Boulder-clay  was  dropped  on 
the  sides  of  the  hills,  and  even  on  the  top  of  the  Higher  Plain. 

4th.  A  period  of  emergence,  during  which  the  present  valleys  were 
scooped  out  of  the  Ix)wer  Plain. 

7.  Conclusion. — The  explanation  I  offer  of  the  phenomena  implies 
periods  of  submergence  and  emergence  and  periods  of  subaerial  and 
fiuviatile  conditions  so  vast,  that  we  may  expect  to  find  deposits  of 
intermediate  age,  the  record  of  various  intermediate  conditions. 
,  Some  such  explanation  must  be  given  of  the  nearly  obsolete  ter- 
races of  gravel  at  the  north  end  of  Essenden  Hill,  some  way  above 
the  Lower  or  Valley- Plain ;  also  in  Hatfield  Park,  south  of  the 
house ;  but  I  have  no  good  evidence  to  offer  as  to  their  exact  posi- 
tion in  the  series.  Nor  can  I  show  where  to  place  the  pebble-gravel 
associated  with  brown  clay  in  pipes  and  patches  north  of  St.  All  fans.  I 
do  not  think  it  can  be  referred  to  the  Upper-Plain  Gravel ;  but  it  may 
be  the  result  of  the  subaerial  waste  of  pebble-bearing  Tertiaries  <tc. 
The  manner  in  which  the  gravel  and  brown  clay  sometimes  seem 
kneaded  up  together  is  curious,  and  can  hardly  be  referred  entirely 
to  their  sinking  into  pipes. 

I  do  not  offer  this  as  an  exhaustive  sketch  of  the  Posttertiary 
deposits  of  the  neighl)ourhood  of  Hertford.  All  I  mean  to  say  is, 
that  these  are  true  natund  divisions,  which  it  is  well  to  establish  in 
a  district  where  their  relations  to  one  another  are  more  clearly  seen, 
before  any  attempt  be  made  to  correlate  them  with  similar  deposits  in 
other  localities. 

Postscript. — Since  this  paper  was  written,  I  have  procured  some 
mammalian  bones  from  the  gravels  of  the  Lower  Plain  at  Camps-Hill 
brickfield,  near  Hertford,  some  of  which  I  saw  in  place.  They  are 
mostly  in  a  very  fragmentary  condition  ;  but  Mr.  Boyd  Dawkins  has 
referred  them  to  Horse,  Ox,  Ileindeer,  Mammoth,  and  Tichorhine 
Rhinoceros.  Through  the  kindness  of  Mr.  Andrews,  of  the  Camps- 
Hill  brickfield,  these  are  now  in  the  Jermyn-Street  Museum. 

The  section  (fig.  2)  shows  the  position  of  the  bones. 

Fig.  2. — Section  in  Camps- Hill  Brickfield, 

Scale,  H  feet  to  1  inch. 


A    Newer  brick-earth,  a  buff  or  yellow-brown  loam,  with  about  18  inches  of 
iri^giilar  fine  flint-gravel  in  base. 
B.  Sand  and  loam,  with  Mammalian  remains.        t  Position  of  bones. 


28s  tkoceedings  of  the  geological  society.      [match  11, 

March  11,  1868. 

John  Piggot,  Esq.,  The  Elms,  Ulting,  Maldon,  Essex^  was  elected 
a  Fellow. 

The  following  communication  was  read  : — 

On  the  Structure  of  the  Crag-beds  of  Norfolk  and  Suffolk, 
wiHi  some  observations  on  their  Organic  Remains. — Part  I.  Coral- 
line Crag.     By  Joseph  Prestwich,  Esq.,  F.ll.S.,  F.G.S.,  &c. 

[The  publication  of  this  paper  is  deferred.] 
(Abstract.) 

'Ihk  history  of  the  division  of  the  several  crag-deposits  into  three 
formations  (the  Mammaliferous,  Red,  and  Coralline  Crags)  having 
been  recounted,  the  author  states  that  for  the  last  thirty  years  tho 
evidence  of  their  sequence  has  remained  unaltered,  the  distinction 
between  tho  Mammaliferous  and  Red  Crags  being  still  purely  pake- 
ontulogical,  not  a  single  case  of  superposition  having  been  discovered. 
Mr.  Prestwich  then  proceeds  to  the  special  object  of  this  paper, 
which  is  to  describe  more  fully  the  physical  structure  of  the  several 
crags,  and  to  determine,  if  possible,  the  exact  relation  which  the 
Suffolk  Crags  bear  to  the  Crag  of  Norfolk. 

Commencing  with  the  Coralline  Crag,  the  author  states  that  the 
well-known  outlier  at  Sutton  furnishes  a  base-line  and  the  best  clue 
to  its  structure  and  dimensions,  showing  also  the  depth  to  which  it 
has  been  denuded  and  replaced  by  the  Red  Crag.  The  Coralline 
Crag  U  generally  described  as  consisting  of  two  divisions : — an  upper 
one,  formed  chiefly  of  the  remains  of  Bryozoa  ;  and  a  lower  one,  of 
light-coloured  Hands  with  a  profusion  of  shells:  and  the  author  now 
gives  their  exact  dimensions  and  his  proposed  subdivisions,  aa 
follows : — 

ClIATlACTEB  AND  TlIICKNRRS.  LOCALITIES. 


T4J 


h.  Sand  and  comminuted  shells,  6  ft-.  Sndboiime  and  GMgrave. 

g.  Comminuted  shells  and  remains  of  Bry-  Sutton,  Sudboume,  Ged- 

oj^oa,    forming    a    soft   building-stone«  grave,  Iken,  Aldboro*. 
So   i          30ft. 

^/.  Comminuted  shells,  with  numerous  entire  Sutton,  Iken,  Orford,High 

email  shells,  5  ft.  Qedgrave. 

e.  Sands  with  numerous  Bryozoa,  and  some  Sutton,  Broom  Hill. 
small  shells  and  Echini^  12  ft. 

d.  Comminuted    shells,   larse,  entire,   and  Sutton,  Broom  Hill,  8nd- 

double  shells,  and  bands  of  limestone,  bourne. 

ir>ft. 

c.  Mnrlv  beds,  with  numerous  well-preserved  Sutton,  Ramaholt. 

and  double  shells,  10  ft. 

h.  Comminuted  shells  and  Cetacean  remains,  Satton. 

4  ft. 

a.  Phosphatie  nodules  and  Mammalian  re-  Sutton. 

mauiN.  1  ft,. 

Mr.  Prestr^'ich  then  states  the  localities  at  which  these  subdiri- 

sions  of  the  Coralline  Crag  are  exposed,  and  proceeds  to  diMius  the 
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geogra])hieal  distribution  of  the  existing  species  in  the  several  zones, 
aud  the  present  range  of  the  organic  remains.  He  agrees  in  the 
opinion  that  the  greater  number  of  the  Mammalian  remains  are  ex- 
traneous fossils ;  but  regards  those  of  a  whale  as  truly  contempora- 
neous, and  probably  also  the  teeth  of  the  Bhinoceros  and  Mastodon^ 
while  tlie  bones  that  are  more  or  less  drilled  he  considers  to  be  de- 
rived. The  occurrence  of  a  large  block  of  poi-phyry  in  the  basement- 
bed  at  Sutton  is  considered  a  proof  that  a  considerable  degree  of  winter 
cold  had  been  attained  at  that  period,  as  it  would  be  difficult  to  ac- 
count for  its  presence  in  that  bed  except  by  ice-action ;  the  author 
also  enumerates  the  physical  conditions  which  seem  to  be  suggested 
by  the  Diineral  character  and  the  structure  of  the  several  zones,  in- 
ferring, from  the  peculiar  mixture  of  southern  forms  of  life  with 
others  of  a  more  northern  type,  that  at  this  early  period  the  setting- 
in  of  conditions  of  considerable  cold  had  commenced. 

With  the  aid  of  Mr.  Gwyn  Jeflreys  the  author  has  revised  the 
list  of  MoUusca  from  the  Coralline  Crag ;  and  he  gives  a  Table  in 
which  the  range  of  the  species  in  space,  depth,  and  time  is  exhibited 
and  an  analysis  of  their  synonymy  by  Mr.  Jeflreys.  He  also  dis- 
cusses the  relations  of  the  Coralline  Crag  to  its  foreign  equiva- 
lents, agreeing  in  the  conclusion  that  the  Crag  Noir  is  a  stage  older 
than  it,  while  the  destruction  of  beds  of  the  age  of  some  of  the  older 
Crags  of  Belgium  have  furnished  many  of  its  derived  fossils.  In 
conclusion  the  author  describes  the  distribution  of  sea  and  land  at 
the  period  of  the  deposition  of  the  Coralline  Crag,  as  suggested  by 
the  affinities  of  the  fossils  of  that  deposit. 


March  25,  18G8. 

John  Tyndall,  LL.D.,  F.R.S.,  &c..  Professor  of  Natural  Philo- 
sophy in  the  Royal  Institution  and  the  Royal  School  of  Mines; 
Allan  Curr,  Esq.,  Dora  Terrace,  Brixton  Road ;  and  Charles  William 
Fothergill,  Esq.,  Cajitain  Royal  Marine  ArtiUery,  Woolwich,  were 
elected  Fellows. 

The  following  communications  were  read : — 

1.  On  some  Xew  Species  of  Crustacea  from  the  Upper  Siluriak 
Rocks  of  Lanarkshire  4'^,;  and  furiker  observations  on  the 
Structure  of  Ptkrygotus.  By  Henrt  Woodward,  Esq.,  F.O.8., 
F.Z.S.,  of  the  British  Museum. 

[Plates  IX.  k  X.] 

Among  the  rich  collection  of  fossil  Crustacea  from  Logan  Water,  ex- 
hibited by  Mr.  Robert  Slimon  at  the  Meeting  of  the  British  Associa- 
tion at  Dundee,  in  September  last,  were  several  new  forms  belonging 
to  the  order  Merostomata,  which  have  since  been  acquired  by  the 
British  Museum. 

L  The  first  new  form  is  represented  (PI.  IX.  fig.  1)  by  (1)  an 
almost  entire  individual,  mcasuiing  1 1  inches  in  length  and  5  inches 
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ill  breadth,  luiving  one  entire  swimming-foot  and  three  pairs  of  palpi 
in  sitUf  and  presenting  the  dorsal  aspect  of  the  body  to  view. 

(2)  I  met  with  a  second  example  of  this  species  in  the  Museum  of 
Practical  Geology,  Jermyn  Street  (see  PL  X.  ^g,  2).  It  consists  of 
the  anterior  part  of  an  individual  about  the  same  size  as  that  first 
mentioned,  exhibiting,  in  situ,  the  ventral  aspect  with  the  postoral 
plate  or  metastoma  (w»),  the  bases  of  the  swimming-feet  (e,  «),  three 
pairs  of  perfect  pal])i  (h,  h),  and  the  basal  joints  of  what  may  perhaps 
prove  to  be  two  anterior  organs  corresponding,  in  position,  to  the 
antennae  {a,  a), 

(3)  I  consider  the  detached  organs  and  fragmentarj'  remains 
figured  on  i)lates  x.,  xi.,  and  xiii.  of  Monograph  I.  of  the  Memoirs 
of  the  (xeological  Survey  to  be,  in  great  part,  referable  to  a  species 
very  closely  allied  to  that  from  Logan  Water. 

(4)  I  am  ena])led  to  figure  a  very  fine  lip-plate,  obligingly  left  for 
my  examination  some  time  since  by  Mr.  J.  W.  Salter,  F.G.S.,  which, 
like  the  remains  figured  in  the  Survey  Monograph,  was  obtnintnl 
from  the  Lower  Ludlow  rock,  Leintwardine,  Shropshire  (see  PL  IX. 
fi-.  2). 

II.  The  second  new  fonn  is  represented  (PL  X.  fig.  1)  by  the  im- 
])ression  and  counterpart  of  an  entire  specimen,  measuring  2  inches 
in  length  and  1  inch  in  breadth,  having  all  its  appendages  in  ttitu. 

That  this  may  possibly  be  the  young  of  some  larger  species  I  do 
not  deny  ;  but  being  quite  distinct  in  general  character  from  every 
form  hitherto  met  with,  I  think  it  disserving  description. 

HI.  Tlie  third  new  species  (PL  IX.  fig.  3)  is  at  present  known  only 
by  a  single  example,  consisting  of  a  head-shield  and  six  mutilated 
segments. 

The  head  is  remarkable  for  its  obtusely  pointed  triangular  shape 
and  prominent  marginal  eyes.  It  approaches  somewhat  in  form  to 
Pterytjotus  liaulrsii  from  the  Lower  Ludlow  rock,  but  it  cannot  be 
referred  to  that  species. 

1.  EuRTPTKKUs  (PxERTGOTUs)  prxcTATUs,  Salter,  sp. 

[Geol.  Surv.  Mon.  I.  1859,  p.  99,  pi.  x.,  pi.  xi.  figs.  6, 6, 7,  8, 9, 
12,  13,  14  &  15,  pi.  xiii.  figs.  5,  6,  9,  10, 11,  14.] 

The  characters  by  which  the  fragmentarj'-  remains  associated 
together  under  this  name  have  been  distinguished  are : — the  form  of 
the  joints  of  the  palpi,  with  their  pairs  of  long,  slender,  recurved 
spines,  and  their  well-marked  basal  joints  (coxognaihitts) ;  the  form 
of  the  great  swimming-feet,  expanded  in  the  penultimate  joint,  and 
attenuated  at  their  extremities ;  the  peculiar  shield-shaped  meta^ 
stoma  or  postoral  plate ;  and,  lastly,  the  distinct  punctate  ornamen- 
tation '^f'hich  characterizes  the  surface  of  the  body-segments  and 
appendages. 

Mr.  Stilter  has  attributed  to  this  species  a  pair  of  long,  slender^ 
chelate  antenme ;  but  I  have  no  eyidence  in  confirmation  of  this 
point,  and,  as  these  remains  occur  in  the  Lower  Ludlow  rock  as 
(fetachfd  fragments,  their  association  with  this  species  is,  I  venture 
to  think,  merely  hypothctir-al. 
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As  regards  the  form  of  the  body-segments,  Mr.  Saltcr*s  evidenee 
is  Diost  vahiable  in  confirmation  of  the  identity  of  these  remains  ;  for 
in  the  Survey  Monograph  he  figures  (p.  101)  five  of  the  anterior 
body-rings  from  Leintwardine,  which  agree  closely  in  form  with  the 
specimen  from  Lanarkshire.  He  also  observes  (p.  99)  that  "the 
hinder  segments  were  decidedly  longer  in  proportion  to  their  width 
than  in  Pteri/gotiis  AnglictiSy  or  Ft.  gifjas,'*^  Indeed  one  of  the  seg- 
ments which  he  has  figured  (Mon.  pi.  x.  fig.  5)  most  clearly  shows 
this  to  be  the  case. 

From  the  evidence  derived  from  the  Lanarkshire  specimens  (de- 
scribed hereafter),  I  venture  to  refer  this  form  to  Eurypterus ;  it 
will  probably  come  near  Hall's  Euri/pterus pachycheinis*. 

But  the  specimens  from  the  Lower  Ludlow  rock  give  evidence  of 
a  species  twice  tJie  size  of  that  occurring  in  Lanarkshire ;  there  are 
also  sufficient  points  of  distinction  in  the  form  of  the  metastoma,  the 
joints  of  the  swimming-feet,  the  armature  of  the  palpi,  <fec.  to  spe- 
cifically distinguish  them.  I  therefore  propose  to  retain  the  name 
of  puiictatus  for  the  Ludlow  remains,  as  indicated,  adding  thereto 
(with  a  querj-)  the  great  lip-plate  here  noticed  for  the  first  time 
(PL  IX.  fig.  2). 

For  the  Lanarkshire  specimens  (PI.  IX.  fig.  1,  and  PI.  X.  ^f^.  2) 
I  propose  to  adoj)t  Mr.  Salter's  MS.  name  scoipioides,  attached  to  the 
specimen  in  the  Jcrmyn-Street  Museum. 

It  is  needless  to  enter  here  into  a  detailed  descrii)tion  of  the 
remains  of  this  well-marked  species — ^Mr.  Salter  having  already 
done  so,  fully  and  ably,  in  the  Monograph  published  by  the  Geolo- 
gical Survey,  ali'cady  referred  to.  I  will  merely  mention  such  parts 
as  are  included  in  his  description  of  this  species,  but  w^hich  I  see 
reason  to  exclude  therefrom. 

First,  then,  I  would  exclude  the  remains  of  the  chelate  antennas 
— my  reason  for  so  doing  being  that  all  the  species  of  Merostomata 
with  spinous  palpi  have  small,  simple  antennules  (e.  g.  Eurypterus, 
Stylonunis,  Slimoni/j). 

Secondly,  the  lip-plate  (Mem.  Geol.  Surv.  Mon.  I.  pi.  xi.  fig.  4). 

The  form  of  the  lip-plate  is  very  characteristic  of  the  separate 
divisions  of  this  group ;  and  I  am  not  aware  of  any  other  species 
which  possesses  such  a  metastoma  as  is  found  in  E,  scorpioides,  and 
which,  from  the  detached  plate  now  exliibited,  I  doubt  not,  also 
marked  E,  pumtatuSf  the  Leintwardine  species.  I  would  tiiere- 
fore  suggest  that  the  detached  lip-plate  (Geol.  Surv.  Mon.  pi.  xi. 
fig.  4)  must  have  belonged  to  some  other  species — ^thc  form  of  the 
platen  being  more  near  that  of  SUmonia  acuminata. 

Thirdly,  of  the  telson  Mr.  Salter  observes  that ''  it  is  yet  wanting," 
and  that  '*  in  all  probability  it  was  not  unlike  that  fig^ured  on  pi.  x. 
fig.  1 1 ,  which  has  possibly  something  to  do  with  it." 

On  the  fragment  referred  to,  I  will  not  venture  to  give  an  opinion, 
but  will  only  observe  that,  as  far  as  I  can  ascertain  by  a  careful 
comparison,  such  a  form  would  certainly  have  had  an  ensifonn 
telson,  as  in  the  other  Eurypteri^  with  which  I  venture  to  place  it. 
*  And  probably  abio  near  hit  mAngsmi&Dolichofiertu, 
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Form  ond  dimensions  of  detached  lip-plate  (PL  IX.  ^g.  2)  referred 
to  E,  puiu'UUus : — form,  that  of  an  armorial  shield  with  its  anterior 
comers  trunciated ;  gretitest  anterior  breadth  4  inches,  length  5 
inches ;  sides  curving  inwards,  and  again  expanding,  then  termi- 
nating posteriorly  in  a  rounded  margin  only  1^  inch  in  breadth. 

2,  ErRTFiKKus  SC0RPI0TDE8,  sp.  nov.     PL  IX.  fig.  1,  &  PL  X.  fig.  2. 

Carapace  semicircular  in  front,  twice  as  broad  as  it  is  long.  Eyes 
not  preserved,  nor  ocelli. 

Onjans  of  the  mouth  furnished  with  five  (?)  pairs  of  appendages, 
the  first  and  most  anterior  pair  imperfectly  preserved  (probably 
simple  palpi  as  in  ^Umonia,  Sti/lcnurus,  and  certain  species  of  ^Wry- 
ptents).  Second,  third,  and  fourth  pairs  7-jointed,  very  robust ;  fifth, 
sixth,  and  seventh  joints  armed  with  a  pair  of  strong  recurved  spines, 
the  palpi  and  spines  (in  both  specimens  known)  directed  forwards; 
fourth  joint  armed  with  several  short  incurved  spines ;  second  and 
third  joints  without  spines  ;  first  joint  serving  as  a  maxilla,  and 
armed  with  sernikHl  teeth.  length  of  palpi  S^  inches,  breadth  at 
fourth  joint  V  inch.  Spines  var^-ing  from  |  to  IJ  inch  in  length, 
and  2  lines  in  breadth. 

»>wimnu'nff-ff'rt  or  ma.vWlpefJes  7-jointed,  6;}  inches  in  length. 
Basal  joint  somewhat  triangular  in  form,  14  lines  long,  10  lines  in 
breadth  at  posterior  bord(»r ;  maxillary  border  concealed  beneath  the 
nieta«toma ;  ])readth  of  articulation  between  the  ectognath  and 
second  joint  8  lines,  lengtli  of  second  joint  8  lines,  of  third  joint  8 
lines,  of  fourth  joint  10  lines,  of  the  fifth  joint  IJ  inch,  and  breadth 
10  lines;  sixth  joint  1|  inch  long  by  11  lines  broad  (a  small  tri- 
angular plate  is  inserted  here  as  in  Slimonm  and  Eurypterus,  and 
probably  also  in  Ptfrif(jotm) :  seventh  joint  1  j  inch  in  length  and  9 
lines  in  breadth,  with  a  minute  nail  2  lines  in  length  and  IJ  line  in 
breadth,  inserted  at  its  distal  extremity. 

Lip-phttf  or  metastoma  shield-shaped,  having  its  broadest  border 
directed  forward.  10  lines  in  breadth  and  the  same  in  greatest  length, 
anterior  angles  truui-atcd,  sides  gradually  converging  towards  the 
posterior  border,  which  terminates  in  an  obtuse  angle. 

Thoracic  plat*'  imperfect,  but  having  a  median  appendage  as  in 
other  species.     Surface  punctata. 

Bofhj -tegmenta. — First  ^  an  inch  long  by  4  inches  in  breadth, 
curving  upwards  at  the  centre-line  downwards  on  each  side  and 
upwards  and  inwards  on  its  lateral  honlers. 

Second  segment  7  lines  long  in  the  centre  by  4^  inches  in  breadth, 
margin  curved  in  a  coiTcsponding  manner  to  the  nrst  segment^  orna- 
ment<»d  with  two  subcenti^al  wart-like  spots ;  surface  punctated. 

Third  segment  10  lines  long  m  the  centre,  by  5|  inches  in 
breadth,  ornamented  in  the  same  manner  as  the  second  segment. 

Fourth  segment  10  Hues  in  length  and  •>}-  inches  in  breadth, 
border  curved,  marked  subcentrally  by  two  drop- shaped  prominences 
4||  lines  long. 

Fifth  segment  9  lines  in  length  and  4|{  inches  in  breadth,  oma- 
mented  as  the  fourth  segment. 
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Sixth  segment  8  lines  in  length,  by  3^  in  breadth  ;  surface  punc- 
tated. 

Seventh  segment  11  lines  in  length,  by  2^  in  breadth,  punctated 
as  in  the  preceding. 

Eighth  segment  1  inch  in  length  and  If  inch  in  breadth,  punc- 
tated. 

Ninth  segment  10  lines  in  length  and  1^  inch  in  breadth. 

Tenth  segment  10  lines  in  length  and  1^  inch  in  breadth. 

Eleventh  segment  11  lines  in  length  and  li  inch  in  breadth. 

Twelfth  segment  1  inch  in  length  and  1  inch  in  breadth. 

Tehon  wanting,  probably  ensiform  as  in  other  species  of  Eu^ 
rypteru^. 

The  punctate  ornamentation  (PI.  IX.  fig.  16)  is  well  seen  on  the 
anterior  body  -segments,  and  is  at  once  readily  to  be  distinguished  from 
the  scale -like  markings  seen  on  the  body  of  Pterygotus  and  Slhnonia. 

3.    EURYPTERUS  OBESTJS,  Sp.  UOV.       PI.  X.  fig.  1 . 

This  little  form  is  remarkable  for  the  great  obesity  of  the  thoracic 
somites,  the  breadth  of  the  fourth  segment  being  equal  to  the  length 
of  the  first  eight  segments. 

The  cara])ace  is  6  lines  in  breadth  at  its  posterior  border ;  the 
lateral  and  anterior  borders  form  a  semicircle;  the  length  is  3  lines. 

The  surface  of  the  carapace  and  segments  was  extremely  thin,  as 
shown  by  the  puckered  condition  of  the  entire  surface.  The  dorsal 
surface,  which  is  exposed  to  view,  displays  two  eyes,  placed  2  j  lines 
a  pa  it,  and  two  subcentral  ocelli.  Five  pairs  of  appendages  are  pre- 
served in  situ : — 

First,  a  pair  of  simple  cylindrical  antennae  (7?-jointed),  4  lines 
in  length. 

Second,  third,  and  fourth  pairs  alike,  and  about  9  lines  in  length  ; 
seventh  joint  unguifonn. 

Fifth  ])air  of  maxillipedes  1  inch  in  length ;  third,  fourth,  and 
fifth  joints  small  and  somewhat  narrow,  sixth  as  broad  as  it  is  long; 
seventh  nearly  oval,  with  small  terminal  talon,  and  united  to  the 
sixth  joint  by  a  small  intercalated  triangular  plate. 

Body -segments. — No  ornamentation  is  visible  on  those,  save  a 
quadrilinear  series  of  markings  extending  to  the  seventh  segment*. 
First  segment  6  lines  in  breadth  and  1  line  in  length ;  second  seg- 
ment 8  lines  in  breadth  and  1  line  in  length  ;  third  segment  9^  lines 
in  breadth  and  1  line  in  length  ;  fourth  segment  11  lines  in  breadth, 
by  1 1  line  in  length  ;  fifth  segment  11  lines  in  breadth,  by  2  lines  in 
length;  sixth  segment  11  lines  in  breadth,  by  Inline  in  length; 
seventh  segment  10  lines  in  breadth,  by  1  j  line  in  length ;  eighth 
segment  7  lines  in  breadth,  by  2  lines  in  length ;  the  border  of  this 
segment  slopes  rapidly  inwards  posteriorly,  and  is  arched  laterally ; 
ninth  segment  3  lines  in  breadth  and  2  lines  in  length  :  tenth  seg- 
ment 3  hnes  in  breadth  and  2  lines  in  length ;  eleventh  segment 
2 j  lines  in  breadth  and  2|  lines  in  length ;  twelfth  segment  2  lines 

*  Bilinear  markings  are  seen  on  the  eighth  and  ninth  aegmentf. 


Further  Observatlom 
In  Measrs.  Huxley  and  i 
there  ia  figured  on  pi.  1.  fig, 
by  Mr.  Salter  to  P.  pei-onu. 
squeezed  aad  distorted  cara 
thoracic  plate  and  its  tharac 
Mr,  Salter,  "  what  are  perhi 
muscles  for  the  cctogiiatha." 
Museum  at  Jermyn  Street,  wL 
I  have  been  permitted  to  exam 
I  have  no  doubt  that  we  he 
and  several  other  specimens  w 
Lanarkshire  tend  to  confirm  thi 
The  specimens  show  a  serii 
highly  vascular  and,  at  the  same 
linear  seriea  of  from  six  to  eiKhl 
occupied  a  position  beneath  the 
of  tlie  body,  as  seen  in  Limu 
figs.  3  a  &  3  6).     The  form,  how 
ffotus  IB  quite  dissimilar  to  lhos< 
In  the  latter  the  vascular  st 
of  the  lamella  of  the  gills  ;  in  t 
from  the  centre  to  the  margin 
more  numerons  on  the  border. 
Xength  of  plates  If  inch  long 
Iterygotut  bilofmt,  SnW"-* 
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To  add  to  the  difficulty,  a  third  form,  readily  separable  from 
Pten/gotiis  hilohns  and  Pterygotus  perornatus  by  the  greater  breadth 
and  narrowness  of  the  thoracic  segments  in  proportion  to  the  suc- 
ceeding abdominal  ones,  has  been  found,  also  possessing  a  bilobed 
telson. 

I  see  no  other  way  towards  a  solution  of  this  difficulty,  except  by 
suggesting  that  the  name  hilohus  be  retained  for  all  the  three  forms 
with  bilobed  non-acuminate  telsons,  treating  them,  for  the  present, 
as  varieties  only,  until  we  obtain  more  positive  evidence  of  their 
6pe(;ific  distinctness  than  we  at  present  possess.  The  name  bilobus 
may  then  be  disused  and  the  varietal  appellation  become  of  specific 
value.     I  propose,  then,  to  term  them  thus : — 

a.  Pterygotus  bilohus,  var.  inomatus, 
/3.  „  „        YQi,  perornatus. 


>f 


fi 


var.  crassus. 


The  following  Table,  giving  the  measurements  of  two  specimens 
of  each  variety,  will  furnish  an  idea  of  the  relative  proportions  of 
the  three  forms : — 


Head. 

Thorax. 

Abdomen. 

Telson. 

Lat. 

Long.  '   T4it. 

Long. 

Lat. 

Long. 

Tiat. 

Long. 

in.  lin. 

1 
in.  lin  in.  lin. 

in.  lin.  in.  lin. 

in.  lin. 

in.  lin. 

in.  lin. 

Tar.  inornatus... 

1     17 

0     13 

1       9 

2      3,1       0 

2      G 

0      8 

0    11 

11           »» 

1    ir> 

0     12 

1       9 

14    10 

2      0 

0      7 

0    11 

,,     perornatus. 

3       0 

0    22! 3      9 

4      0   2      0 

4      6 

0    17 

1       9 

»»           »»         • •  • 

2      fi 

2      3'3      9 

4      G   2      0 

4      9 

„     cra88iis 

1       8 

0    1312      0 

13    10 

1       6 

0      9 

1       0 

>♦           >»         •  •  • 

2      0 

1       G   2      6 

1      G    1      3 

2      3 

0    13 

1      3 

K.B.  The  breadth  given  is  the  greatest  breadth,  and  the  length  also  at  the 
longest  point  of  the  head,  &c, 

EXPLANATION  OF  PLATES  IX.  &  X. 

(Illustrative  of  Silurian  Crustacea,) 

Plate  IX. 

Fig.  \a.  FAirt/pferus  scorpioides,  Salter,  MS.  Nearly  perfect  specimen  (two* fifths 
the  natural  size)  from  the  Uiipermost  Ludlow  Rock,  Lesmahagow,  Lanark- 
shire. This  specimen  exliibits  the  dorsal  aspect,  a,  a.  Imperfect  antennae. 
b,  b.  Palpi  with  long  recurved  spines,     e,  e.  Ectognaths,  or  swimming-feet. 

Fig.  \b.  Portion  of  one  of  the  thoracic  segments,  of  the  natural  size,  to  show  the 
punctate  omanipntation. 

Fig.  2.  Mctastoma  or  post  oral  plate  referred  to  Eurypterus  pvnctatus,  Salter 
(one-third  natural  size),  from  the  Lower  Ludlow  rock,  Leintwardine, 
Shropshire. 

Fig.  3.  Ptcrt/goftfs  raniceps,  H.  Woodw.  (twice  the  natural  size),  from  the  Upper- 
most Silurian,  Ijanarkshire. 

Drawn  from  specimens  in  the  British  Museum. 

Plate  X. 

Fig.  1.  Eurypterus  ohesus,  H.  Woodw.  (twice  the  natural  size).     Origiiial  spe- 
cimen in  the  British  Museum. 
TOL.  XX n'. — PART  I.  T 
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nl  aspect),  two-flftlu  tlie 
,  '.  Spinoud  pslpi.    mi.  Me- 

,     , ,   ■.  E^lllpllllll^  or  Kutiiimiiiig-fKt.     t.  Part 

of  lliiirwic  ]<l»1c.     Driciiial  s|Ht:imrii  in  Miucuiu  uT  Prurlioil  Oeologr, 

Fig.  Ai  NiiiiikmhI  bni[iflii:il  [>l»lcs  of  Flerifgatus  AiVuiw,  Tar.  eraaut,  U.  Woodw. 
Xaliiral  ^ht. 

Fig.  •!  Ii.  A  piiiuli!  Ii'iiflcl  of  tlio  iilatra.  druwni  fmiii  a  largrr  drtacbed  epmnim. 
Oriciiijil  s]>t'i.'liii['iis  ill  tlic  Brilisli  Mu^uui.  All  from  the  Uppermoat  Silu- 
rian, Lsimrbliirc. 

'>.  Oil  the  (.'(.sisms  (iBorr.  Hj-  Professor  U.  Hakkness,  F.H.S., 
f.(i.S.,  Hi,<l  H.  A.  XiruoLHON,  D.Sc,  M.B.,  F.O.S. 
Thr  '  QuiirUTlj-  Juiinia!  of  tlic  (Jcologiciil  Rotii-ty '  for  1805-68 
(v[>l.  x\ii.  p.  -(M.>)  I'ljiitiiins  a.  memoir  liy  tho  authors,  entitled  "  Ail- 
ditionol  Oluu.'rviit icmx  on  tlie  (iuolofr}-  of  thi'  Lake- Country."  In  Ihia 
mtiiioir,  after  !illiiiliii(;l.u  sume  new- fosNils  from  the  Skiddaw-tiluto 
group,  and  the  (leeiirrenie  of  u  fiissiliferons  ush-btd  in  the  greeu 
elateM  and  the  piiqihjries  in  the  Ijikc-t-ountiy  iirojipr.  the  esistence 
of  Hcvend  fanlt.-i  iimnug  the  old  roiks  of  this  portion  of  England  is 
indirutiil,  ami  the  toliil  iiljseai'i;  of  etnita  containing  charauteriRtio 
UltlKT'Llaiiitovery  and  Weiilock  fosnitH  is  pointed  out.  The  Kendal 
flngf!,  the  hi^hi'st  member  of  the  Silurian  eeiies  in  the  Lake-dis- 
trict, were  iil«i  referred  to  as  Hhowing  no  distinet  eonucxion  with 
the  older  riii-kH  lying  to  the  north  of  them  :  and  it  wna  stated  that 
these  Kendal  Mugs  iirc  pruliulily  lirought  against  the  older  members 
of  the  Sihirian  riH'ks  by  means  of  faults. 

ITie  olijei-t  of  the  present  communieution  iH  to  point  ont  the  oecnr- 
renee  in  the  Ijike-eounlry  of  ii  new  and  unique  horizon  containing  a 
rich  linipt'ilitr  fiiunii  in  lli.it  jiortion  of  the  Silurian  series  which  hn« 
bii'u  teniiiil  by  I'ltif.  Si'dgwiik  "the  Coniston  Flags,"  to  describe 
in  dutiiil  Ihese  Hugs.  ti>  jHiint  out  their  relations,  both  phyai- 
cuHy  and  ]iid:i'ri[itologically,  witli  the  ConiKtoii  limestone  beloir 
them  ami  tlie  ('uniBtim  grits  above  them,  and  by  tliis  means  to  add 
ft  givnl  tJiii'kiiess  of  Ktnita  to  the  highest  member  of  the  Lower  Silu- 
rian roi'ki^  as  ttuH  niemlier  is  rojtreaenttnl  in  the  Itritish  isles. 

Theiangi'  of  the  Coniston  limestone,  the  base  of  the  series  of 
rocks  to  wtiic-)i  tliis  CDUimnnieatiou  refers,  was  described  many 
years  af»>  by  I'rof.  Sedgwick,  and  also  its  jiosition*. 

TliiK  limestone,  in  its  furthest  extension  in  tUc  eastern  portion  of 
the  Lake-di strict,  i«  seen  at  SShap  Wells,  being  licre  immediately 
poTeiv'l  uji  by  did  Hed  Sandstone  on  its  enstem  side.  Westward 
from  Shiij)  Wells,  ftir  aliout  two  miles,  the  country  is  low  and  mooiy, 
and  no  further  ti'ace  of  this  band  of  limestone  is  seen  until  Scale 
Head,  u  farmhoUKC  a  littl<.<  south-west  of  Wustdolo  Crag,  is  reached, 
lleiv,  in  the  cciursc  of  ii  small  brook,  we  have  the  limestone  again 
apjieuring,  but  in  ii  verj'  different  condition  from  that  which  it  exhibits 
at  all  the  oilier  places  where  it  can  he  recognized.  At  this  spot  it 
occurs  in  the  form  of  a  white  Bcmieiystalline  limestone,  having 
imbedded  within  it  imperfect  crystals  of  ortbodase,  the  fonn  of 
*  Trans.  Qeol.  See.  Sod  Kriea,  toL  It.  p,  47  tt  Mq. 
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felspar  which  is  so  abundant  in  the  granite  of  Wastdale  Crag.  At 
Scale  Head  the  Coniston  limestone  is  in  very  close  proximity  to  the 
granite  ;  and  its  peculiar  aspect  doubtless  results  from  the  granitic 
influence :  the  granite  itself,  near  the  point  of  junction  with  the 
limestone,  has  also  undergone  considerable  change,  becoming  fine- 
grained and  compact,  and  losing  those  large  imbedded  crystals  of 
felspar  which  are  such  a  characteristic  feature  in  the  Wastdale-Crag 
granite.  Some  portions  even  approximate  to  a  felstone  in  their 
aspect  and  composition. 

Section  from  helow  the  Coniston  Limestone  to  the  Coniston  Orits, 

inclusive. 


i    k    i  k  %  k      g    ft  deb  a 

a.  Coniston  grits,  e.  Graptolitiferons  mudstones.  h.  Ash-beds. 

b.  Sheerbate  flags.  /.  Trinuoleus-shales.  t.   Felstone. 

c.  Cleaved  flags.  g.  Coniston  limestone.  k.  Porphyry. 

d.  Grey  grits. 

The  country  westward  from  Scale  Head,  for  some  distance,  is 
moory,  and  the  small  brook-sections  expose  no  Coniston  limestone 
until  a  small  stream  flowing  into  the  valley  of  Long  Sleddale,  called 
Amco-side  Beck,  is  reached  *. 

Although  we  have  no  exposures  of  Coniston  limestone  between 
Scale  Head  and  this  locality,  the  rocks  that  form  the  summits  of  the 
hills  a  littie  to  the  north  of  the  strike  of  the  lino  of  the  Coniston 
limestone  are  of  a  very  interesting  nature. 

These  rocks  underlie  the  Coniston  limestone,  and  they  occupy  the 
horizon  of  some  of  the  ash-beds  associated  with  the  green  slates  and 
porphyries  ;  but  in  their  mineral  aspect  they  differ  very  greatly  from 
the  ordiuarj'  ash-beds,  of  which  they  are  the  representatives.  They 
are  very  compact,  usually  of  a  light  flesh -colour,  and  are  composed  of 
almost  pure  felspar.  Their  stratigraphical  nature,  however,  is  well 
marked,  and  the  original  lines  of  lamination  are  generally  beautifully 
distinct.  They  form  a  considerable  portion  of  the  summit  of  Harrop 
Pike,  where  they  can  be  well  seen  ;  and  to  the  northward  they  pass 
downwards  into  the  ordinary  green  slates  and  porphyries.  These 
rocks  can,  however,  be  traced  further  westward,  and  are  seen  near 
Little  London,  in  the  course  of  a  smell  stream  which  here  joins  Amco- 
side  Beck  from  the  north-east.  The  latter  locality  affords  some  in- 
sight into  the  origin  of  these  compact  stratified  febpars.  They  are 
here  covered  by  a  mass  of  felstone  resembling  the  portions  of  Wast- 
dale Crag,  near  where  the  granite  comes  in  contact  with  the  Conis- 
ton limestone ;  and  the  influence  of  this  felstone  seems  to  have  so 
far  altered  the  felspathic  ash-beds  as  to  have  converted  them  into  a 
perfectiy  compact  flesh-coloured  rock.  The  felstone  can  be  seen  both 
on  the  east  and  west  side   of  Long  Sleddale.     It  is  probably  a 

*  In  Prof.  Sedgwick's  Memoir  this  stream  is  called  Iron  Crow  QilL 

t2 
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portion  of  a  great  mass  which  at  one  time  was  connected  with  the 
granite  of  Wastdale  C'ran,  tlic  remoTcd  portion  l>eing  very  likely 
the  agent  whiih  converttrd  the  green  asli-bcds  into  the  compact 
felspar  of  Harrop  I'ike. 

The  strata  which  immediately  ovcrlio  the  Coniston  limestone  are 
not  seen  in  the  noighbnurhood  of  Wnstdnle  Cmg,  nor  in  the  area  to 
the  south  of  Ilarrop  I'iko ;  hut  they  make  their  appearance  when 
the  upper  portion  of  Arnco-side  Beck  is  reached.  -This  email 
stream,  whii-h  flows  nearly  along  the  strike  of  the  strata,  exposes 
the  whole  of  the  Coniston  limestone,  the  ash-hcds  on  'which  this 
limestone  rests,  and  the  rocks  which  succeed  it,  until  the  true  Con- 
iston llagH  are  reached.  The  aah-ljeda,  which  underlie  the  Coniston 
limestone,  are  here  srimewhat  earthy  in  their  nature ;  they  are  re- 
gularly laminated ;  and  between  them  and  the  Coniston  limestone 
an  ashy  breccia  is  seen,  composed  of  ongular  fragments  of  febpar 
cemented  togi'ther  by  a  tjreen  matrix.  Thiw  ashy  breccia  is  about 
two  feet  thick,  and  is  infcfsected  by  felstonc  dykes,  which  also  tra- 
verse the  ash-lieds  and  tlie  lower  jwrtion  of  tho  tVmistoa  limeetone. 

The  Coniston  limestone  is  here  thin-bedded,  and  in  its  upper 
portion  xhaly.  It  is  siici-eeded  eomformahly  by  bhick  mudstones 
which  abound  in  <jru[iluIiteH.  Tlietic  grsptolJtiferons  mudstones  pasa 
up  into  grey  grils,  with  beds  of  the  latter  interatratifying  their  upper 
portions.  TbcRroy  grits  tiiiiiain  few  or  no  UraptolileB,  while  in  the 
in terst ratified  dark-coloured  rocks  the  same  sjiccies  occur  which 
are  seen  in  the  nu)re  purely  graptolitiferous  mudstones. 

The  graptolititei-uus  mudstones  do  not  extend  ujiwarda  beyond  the 
lower  portion  of  the  grey  grits  ;  and  above  them  otcurs  s  consider- 
able and  eontinuoufl  thiekness  of  the  latter,  which  seems  to  be 
devoid  of  fossils.  I'ho  grey  grits  are  auceecded  conformably  by- 
darker  and  more  flaggy  ro<rks  in  the  form  of  the  Conisttin  Hags ;  and 
as  soon  as  the  latter  are  reached,  (irii]i  I  elites  again  niiike  their  ap- 
pearance, two  species,  0.  priodun  and  G.  sai/ttlariiit,  being  by  no 
means  uncommim. 

The  slrata,  ii»  M-vi\  in  Arnco-sidc  Beck,  dip  S.S.E.  at  about  40°. 

Following  the  Coniston  limestone  on  its  line  of  strike,  we  find  it 
expost^liu  Kent  mere,  tlie  valley  alwut  a  mile  and  a  half  west  of  Long 
Sleddule.  Hen^  the  limestone  has  beeu  wrought  at  Kentmere  Hall ; 
and  the  Coniston  flags  are  also  now  extensively  quarried  a  short 
distance  to  tlic  south.  There  are,  however,  no  acctiona  in  this 
volley  showing  the  connexion  between  the  limestone  and  the  flags, 
tlic  intervals  being  masked  by  eupeilicial  deposits.  The  eame  re- 
mark also  ajiplies  to  the  vale  of  Ti^iutbcck,  where  the  Coniston  flags 
have  been  very  exlencively  worked,  and  where  Uraptolites  ore 
abundant  along  the  lineH  of  lamin:ition,  where  the  flags  can  l>c  Bi»lit 
parallel  to  the  ]ilanes  of  lie<lditig.  The  flags  of  Applethwaite  Common, 
Trontbeck,  ore  aueeeodcd  here  by  higher  strata  appertaining  to  the 
Coniston-flag  series,  to  which  I'rof.  Sedgwick  has  given  tho  name 
"  Sheerbate."  hut  only  from  the  circumstance  that  tiia  upper  por- 
tion of  the  Coniston-flag  seriea  splits  parallel  to  tho  linea  of  bed^ng. 
The  BUifaces  of  some  of  these  beds  in  Pennington's  quany  affbnt 
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abundance  of  Orthoceras  primcBnum  and  0,  subundalatum,  formB 
which  range  from  the  Caradoc  or  Bala  rocks  upwards  to  the  Wen- 
lock. 

On  the  eastern  side  of  Windermere,  near  Low  Wood,  in  the 
course  of  a  small  stream  flowing  from  Wansfell,  and  called  Skelgill, 
a  section  is  obtained  similar  to  that  of  Amco-side  Beck,  the  Conis- 
ton  limestone  and  the  beds  which  support  it  being  well  seen  here, 
and  also  the  rocks  succeeding  the  Gbniston  limestone.  The  course 
of  this  stream,  like  Arnco-side  Beck,  is  nearly  in  the  line  of  the 
strike  of  the  strata ;  and  immediately  above  the  Coniston  limestone 
the  same  black  mudstones  occur,  with  a  profusion  of  Graptolites, 
similar  to  those  of  Arnco-side  Beck. 

Some  portion  of  these  graptolitiferous  beds  are  highly  anthracitic, 
and  both  here  and  at  Arnco-side  Beck  the  rocks  have  a  great  lithe- 
logical  resemblance  to  the  graptolifcrous  shales  of  Dumfriesshire. 
These  graptolitiferous  mudstones  also  pass  upwards  into  grey  grits,  as 
at  Arnco-side  Beck  ;  but  in  Skelgill  there  are  fewer  shales  interstra- 
tified  in  the  lower  parts  of  the  grey  grits.  In  Skelgill  the  Graptolites 
are  often  in  relief,  being  in  the  state  of  iron  pyrites,  while  in  Amco- 
side  Beck  they  occur  usually  as  grey  stains  upon  the  mudstones. 

At  Skelgill  by  far  the  most  abundant  form  is  Diployrapsus  teretiuS" 
culm,  while  at  Arnco-side  Beck  no  species  can  be  said  to  be  most 
predominant. 

The  following  are  the  species  of  Graptolites  which  occur  in  the 
mudstone  either  in  Long  Sleddale  or  at  Skelgill ; — 

1.  Diplograpsus  torotiusculus,  Hi»i7ig.  13.  Qt.  lobifenis,  M'Coy, 

2.  D.  angustifoliua.  Hall.  14.  (>.  Nil^Moni,  Barr. 

3.  D.  confertus,  Xich.^  n.  s.  15.  Q-.  priodon,  Bronn. 

4.  D.  folium,  HUing.  16.  G.  Sagittarius,  Linn. 

5.  D.  palmeus,  Barr.  17.  Q-.  Sedgwickii,  Portlock. 

6.  D.  putillus,  Hall.  18.  „  (yar.  triangulatus), 

7.  I),  prist  19,  Hising,  Harlcnut, 

8.  D.  tamariscus,  I^ich.,  n.  s.  19.  G.  tenuis,  Portlock? 

9.  D.  Tosiculosus,  Nich  ,  n.  s.  20.  G.  turriculatus,  Barr. 

10.  Graptolites  Boheraicus,  Barr.  21.  Rastrites  Litinsci,  Barr, 

11.  G.  discretus,  iW<?A.,  n.  s.  22.  R.  peregrinus,  Barr. 

12.  G.  flmbriatus,  Nich.y  n.  s.  23.  Betiolites  perlatus,  Nich.,  n.  t. 

— a  very  rich  graptolite  fauna,  with  which  occur  at  Skelgill  two 
Coniston-limestone  fossils  (Sphasronites  punctatus  and  Orthis  caUi^ 
gramma)  and  Orthoceras primcevum'^ 

Between  Windermere  and  Coniston  there  are  no  exposures  of  the 
graptolitiferous  mudstones,  and  there  is  an  absence  of  sections  showing 
them  in  the  country  south-west  of  Coniston — although  the  Coniston 
limestone  and  the  harder  rocks  of  the  Coniston-flag  series  are  well 
seen,  especially  west  of  the  village  of  Torver. 

The  graptolitiferous  mudstones  being  comparatively  soft,  their 
occurrence  often  gives  rise  to  a  narrow  hollow  immediately  south-east 
of  the  Coniston-limestone  band.  Where  this  hollow  is  intersected  by 
streams,  gravel  usually  forms  their  beds,  and  the  rocks  on  the  sides 
are  covered  by  soil.  This  is  the  case  in  Torver  Beck,  where  the 
Coniston  limestone  is  well  exposed,  and  where  the  grey  grits  over- 
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lying  the  graptolitiferous  mudstones  are  also  well  seen,  but  the  in- 
tervening mudstones  themselves  are  entirely  hidden. 

On  the  moor,  on  both  sides  of  Torver  Beck,  the  cleaved  Coniston 
flags  have  been  largely  worked.  They  abound  in  Graptolites,  which 
are  well  seen  where  the  planes  of  bedding  can  be  obtained ;  but 
cleavage  renders  this  difficult,  except  in  the  weathered  rubbish  of 
the  quarries.  Besides  Graptolites  priodon,  which  is  found  in  great 
abundance,  a  form  possessing  #rong  spines  attached  to  the  cell- 
mouth  is  seen,  which  appears  to  be  O.  Sedgwiclcu, 

On  Torver  Moor  the  Sheerbate  beds,  which  succeed  the  cleaved 
flags,  are  well  seen,  and  have  been  worked.  On  the  faces  of  these 
O.  priodon  occurs,  but  not  in  such  abimdance  as  in  the  cleaved 
beds.  Associated  with  this  is  another  species,  apparently  G.  colonuSj 
Barr.  Besides  these  Graptolites,  the  higher  strata  of  the  Coniston 
flags  yield  other  fossils*.  The  cleaved  flags  of  Ireleth  and  Brough- 
ton  Moor  also  afford  Betiolites  Geinitzianus  f. 

The  Coniston  grits,  the  succeeding  member  of  this  series,  in  the 
Lake-country  are  very  barren  in  fossils.  From  these  rocks,  near 
Sedbergh,  Mr.  Hughes  has  obtained  from  the  lower  tough  grits, 
principally  from  Helmside,  near  Dent,  the  following,  viz.  Cliona, 
Spirorbis  Lewisii,  Ceratiocaris  Murchisoni,  C.  robttstus,  Graptolites 
priodon f  G.  sp.,  Pterinea  tenuistriatay  Cardiola  inttrrupta,  Orthoceras 
Lwlense,  0.  buVatum,  0.  angxdatum,  and  three  other  species ;  and 
from  the  higher  sandy  slates  of  the  Coniston  grits  the  following, 
viz.  Petraia,  Eacrinites,  Ceratiocaris  Murchisoni,  C,  robustus, 
Acidaspis  n.  s.,  Phacops,  Graptolites,  Pterinea  tenuistriata,  Cardiola 
interrupta,  Lituites,  and  Orthoceras  three  species  i.  Among  the 
fossils  which  occur  in  the  lower  tough  grits  at  Helmside  is  a  Grap- 
tolite,  G,  Sagittarius,  a  form  not  recognized  as  an  Upper-Silurian 
species  in  any  portion  of  the  British  Isles. 

The  palseontological  relations  of  the  Coniston  limestone  to  the 
nnderlpng  green  slates  and  porphyries  have  been  already  shown  by 
the  occurrence  in  these  latter  of  ashy  strata  with  well-marked 
Caradoc  fossils  §.  The  fossils  which  have  been  obtained  from  the 
Coniston  limestone  place  this  member  of  the  group  in,  or  very  near 
to,  the  horizon  of  the  Bala  calcareous  rocks. 

In  or  above  the  Coniston  limestone  there  are  no  traces  of  the  ash- 
beds,  or  of  the  interbedded  porphyries  which  are  characteristic  of  the 
rocks  which  underlie  the  lowest  member  of  the  Coniston  group.  In 
the  Bala  country  the  same  mode  of  occurrence  seems  also,  to  a  great 
extent,  to  hold  good,  as  few  igneous  rocks  are  met  with  above  the 
horizon  of  the  Bala  limestone,  the  great  igneous  outbursts,  so  cha- 
racteristic of  the  Caradoc  rocks,  having  almost  ceased  before  the 
period  of  deposition  of  this  limestone.  In  some  districts  of  the 
North  of  England  the  upper  portion  of  the  Coniston  limestones  are 

*  Quart  Joum.  Qeol.  See.  1866,  vol.  xrii.  p.  483. 

t  This  form  is  referred  to  Diplcgrapsus  pristis  in  the  Quart.  Joum.  G^l. 
Soo.  1866,  p.  483.  More  perfect  specimens  have  conrinoed  us  that  this  is  a 
mistake. 

}  Geol.  Mag.  vol.  iv.  p.  356.  §  Tom.  cii.  suprh,  p.  482. 
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represented  by  calcareous  shales ;  and  in  these  latter  are  found  very 
characteristic  Caradoc  fossils. 

In  the  neighbourhood  of  Sodbergh,  Mr.  Hughes  gives  the  fol- 
lowing as  occurring  in  these  calcareous  shales : — Petraia  subduplicata, 
var.  cremilata,  Eim^inites,  Pliacops  apiculatus'!,  species  of  Phacops, 
Trinuchiis  concentricuSy  Orthis  biforatu,  0,  calllf/rammaf  Strophe^ 
mena  depressa,  S.  alternata,  and  species  of  Orthoctras, 

The  succeeding  and  conformable  jnudstones  introduce  an  entirely 
new  fauna,  and  one  which  has  no  representative  in  Great  Britain 
among  rocks  appertaining  to  the  Caradoc  age.  These  rocks  afford 
six  species  of  the  genus  DipJograpsm,  all  of  which,  except  D,  tereti- 
usculuSf  which  has  recently  been  obtained  from  the  Caradoc  rocks  of 
Haverfordwest,  are  characteristic  Upper  Llandeilo  forms.  * 

Of  the  genus  OraptoUtes,  the  species  from  these  mudstones  (with 
the  exception  of  three,  G.  Sedgwickii,  O.  priodon,  and  O,  tenuis, 
and  the  new  forms)  are  also  equally  confined  elsewhere  in  Great 
Britain  to  the  Upper  Llandeilo  rocks;  and  another  form,  Bas~ 
tritts  perer/rintiSy  also  has  hitherto  been  found  in  Britain  only  in 
the  same  horizon.  Nearly  the  whole  of  the  Graptolites,  except  the 
new  species,  of  the  mudstones  above  the  Coniston  limestone  are  of 
such  forms  as  arc  most  abundant  in  the  black  shales  of  Dumfries- 
shire. 

Some  of  the  species  which  are  found  in  the  Dumfriesshire  shales 
have  as  yet  not  been  met  with  in  the  mudstones ;  and  the  twin 
Graptolites,  the  Did i/mor/ raps i,  which  are  represented  in  Dumfries- 
shire by  several  forms,  seem  to  be  entirely  absent  from  the  Coniston 
mudstones.  The  Upper- Llandeilo  position  of  the  Dumfriesshire 
graptolitiferous  shales  is  marked  by  the  occurrence  of  Siphonotreta 
mmda ;  while,  as  regards  fossil  evidence,  the  Caradoc  age  of  the 
mudstones  is  shown  by  the  presence  in  them  of  Sphceronttes  pune- 
tatus  and  Orthis  calligramma. 

Although  most  of  the  Graptolites  which  have  been  obtained  from 
the  Coniston  mudstones  have  previously  been  found  in  Great  Britain 
in  strata  no  higher  than  the  Upper  Llandeilo  rocks,  the  case  is 
somewhat  different  as  regards  Ireland.  The  Caradoc  beds  of  Po- 
meroy  yielded  several  of  these  species  many  years  ago  to  the  late 
General  Portlock ;  and  more  recently  the  officers  of  the  Irish  Geolo- 
gical Survey  have  procured  in  other  portions  of  Ireland,  where  strata 
of  the  Caradoc  age  occur,  forms  of  Graptolites  which  are  usually 
looked  upon  as  marking  the  Llandeilo  group.  Two  of  these  localities 
maybe  cited — one  a  tTramore,  county  Waterford,  where,  in  black  shale, 
underlying  a  calcareous  flagstone  with  abundance  of  Caradoc  fossils, 
the  following  species  have  been  recognized  by  Mr.  Baily,  CallograpstiS 
eleganSy  Hall,  Dendrograpsus  flexuasus.  Hall,  Diphgrdpstis  pristis, 
Didymograpsus  sextans,  Graptolites  tenuis,  and  O,  priodon*.  The 
other  is  in  the  county  Clare,  where  the  following  occur,  Didymo^ 
grapsus  ForchJiammeri,  Geinitz,  D,  hamatus,  Baily,  Diplograpsus 
pristis,  D.  mucronatus,   OraptoUtes  gracilis,  Hall,   G,  Nilssoni,   O, 

*  Explanations  to  the  sheets  of  the  Irish  Geol.  Survey,  No.  167, 168, 178,  and 
179,  p.  *. 
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priodon,  and  G,  Sv^fr/wick'ii.  Among  the  strata  which  are  asso- 
ciated with  tlic  graptolitic  .sliales  here,  Cardiola  inferrupta  is  met 
with,  and  it  is  found  eLscwh(?rc  in  Ireland  under  similar  circum- 
stances*. Mr.  Jukes,  in  a  note  appended  to  the  account  of  this 
occurrence  of  Upper  Llandeilo  and  Caradoc  fossils  in  the  county 
Waterford,  notic(?.s  this  association,  and  seems  disposed  to  refer  it  to 
the  recurrence  of  similar  conditions  and  hahitats  at  difterent  Si- 
lurian periods — a  conclusion  which  the  fossil  evidence  of  the  Conis- 
ton  mudstones  appears  strongly  to  support. 

The  occurrence  of  a  ricli  (Jraptolite  fauna  among  the  Caradoc 
rocks  of  (Jreat  Britain  seems  to  have  its  parallel  among  the  Silurian 
rocks  of  Boliemia.  Barrande  places  his  rich  (jraptolite  fauna  towards 
the  top  of  the  Lower  Silurian,  and  among  the  base  of  the  Upper 
Silurian  rocks  ;  in.  the  latter  the  graptolitiferous  shales  arc  associati'd 
with  traps. 

The  lower  graptolitiferous  senes  rests  upon  strata  containing rmiii- 
clei.  In  this  occur  five  monoi)rionidian  forms;  and  in  the  base  of 
the  Upper  Silurians  there  are  twenty  species,  many  of  which  are  also 
common  to  the  Coniston  mudstones.  Of  these  the  two  diprionidiun 
species  I).  p(dinens  and  Z>.  ovatnm  (D,  folium),  and  Jiastrifes  pere- 
grinns,  are  abundant  among  the  (imptohtes  at  Skelgill+. 

In  America,  also,  the  richest  Graptolitc  fauna,  excepting  that  of 
the  Quebec  group,  seems  to  make  its  apjx^arance  in  a  series  of  rocks 
which,  in  that  country,  in  pail  re]>rescnts  the  Caradoc  formation. 
These  rocks  are  the  Uti<.a  slates.  They  contain  many  of  the  forms 
which  are  found  in  the  Coniston  mudstones,  and  they  seem  to  be 
verj'  nearly  on  the  same  parallel  with  these  latter  rocks  J. 

A  circumstance  of  considerable  interest  in  connexion  with  the 
fauna  and  scipience  of  the  Coniston  gn^up  is  the  intercalation  of  the 
mudstones  and  their  fossils  with  the  grey  siindstones  which  lead  up 
into  the  cleaved  C-oniston  flags.  The  occurrence  also  of  O.  Sagitta- 
rius in  so  high  an  horizon  as  the  Coniston  grits  connects  these  latter 
with  the  rest  of  the  Coniston  series. 

There  are  other  fossils  which  are  common  alike  to  the  Coniston 
flags  and  Coniston  grits  ;  but  in  the  grit^  fonns  make  their  appear- 
ance which  have  not  hitherto  been  discovered  elsewhere.  Tlie  fossils 
of  these  grits  have  verj-  little  affinity  with  those  of  the  Kendal 
flags,  nor  do  they  exhibit  such  a  facies  as  would  connect  them  with  the 
lower  members  of  the  Upper  Silurian  series.  PaluDontologically, 
therefore,  this  Coniston  series  of  the  north-west  of  England  mnst 
be  looked  upon  as  a  continuous  group  of  rocks  extending  from,  and 
including,  the  green  slates  and  porphyries  to  the  top  of  the  Couiston 
grits. 

The  physical  evidence  also  leads  to  the  same  conclusion.  Every- 
where, as  was  long  ago  pointed  out  by  Prof.  Sedgwick,  there  is  the 
same  sequence ;  there  is  no  overlap,  but  there  is  a  perfect  conforma- 
bility  throughout  the  whole  series. 

*  Explanatory  notes  to  sheet  133,  p.  19. 

t  Graptolites  de  Bohdme,  p.  18. 

I  Hall, '  PalaBontology  of  New  York/  toI.  L  p.  2e5»  d  mq. 
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Under  such  circumstances  we  have  in  the  Lake-district  a  greater 
thickness  of  rocks  conformably  above  the  representative  of  the  Bala 
limestone  than  is  to  be  found  elsewhere  in  the  British  islands.  If 
wo  adopt  the  measurement  of  Mr.  M' Kenny  Hughes  for  these  rocks 
as  they  occur  near  Sedbergh,  we  shall  have  a  thickness,  exclusive  of 
the  calcareous  shales  at  the  top  of  the  Coniston  Limestone,  of  upwards 
of  7500  feet,  made  up  of  slates  (mudstones)  some  hundred  feet, 
tough  grits  1000  feet,  Coniston  flags  2000  feet,  Ijower  Coniston 
grits  1200  feet,  and  Upper  Coniston  grits  3000  feet*.  This  gives 
us  a  thickness  of  strata  considerably  exceeding  the  whole  of  the 
Upper  Silurian  rocks  of  Wales. 

Some  of  the  members  of  this  series  in  the  Lake-country  proper 
are  not  so  thick  as  those  in  the  area  where  Mr.  Hughes's  observa- 
tions were  made.  This  is  the  case  with  the  graptolitiferous  mud- 
stones.  Others,  however,  as  the  Coniston  flags,  are  probably  some- 
what thicker  ;  and  on  the  whole  it  is  not  likely  that  there  is  any 
great  diff*erenee  in  tliickness  between  the  two  areas.  We  require, 
therefore,  now  to  add  to  what  has  hitherto  been  regarded  as  the 
Caradoc  or  Bula  formation,  a  great  thickness  of  strata  which  contain 
in  their  higlier  parts  some  new  forms  of  life,  but  which  on  the  whole 
possess  a  decidedly  Lower  Silurian  fauna. 


3.  On  the  Death  of  Fishes  on  the  Coast  of  the  Bay  of  Fundy. 
By  A.  Leitu  Adams,  F.U.S.,  Surgeon,  22nd  Regiment. 

When  engaged  in  a  shooting-expedition  in  the  forests  of  South- 
western New  Brunswick  at  the  entrance  of  the  3iragaguada\ic  River, 
I  had  ray  attention  directed  to  an  extraordinary  occurrence  which 
took  place  on  the  24th  of  September,  1867,  in  one  of  the  numerous 
inlets  or  creeks  in  the  Devonian  and  Silurian  beds  that  constitute 
the  chief  geological  formations  of  this  portion  of  the  coast-line  of  the 
Bay  of  Fundy.  Anderson's  Cove,  as  it  is  called,  is  a  small  bay  to 
the  west  of  the  mouth  of  the  above-named  river,  and  at  the  entrance 
of  a  valley,  down  which  runs  an  insignificant  stream  emptying  into 
a  muddy  lagoon  about  1200  feet  in  circumference  at  high  water. 
This  lagoon  is  oval-shaped,  the  small  end  communicating  with  An- 
derson *s  Cove  by  means  of  a  narrow  and  rocky  channel  at  its  eastern 
extremity.  A  sea-wall,  formed  of  rocks,  stranded  logs,  and  lumber 
piled  in  confused  miisscs,  intervenes  between  the  cove  and  the  lagoon  in 
front ;  so  that  the  only  direct  communication  is  by  the  passage  just 
mentioned.  The  area  thus  enclosed  forms  a  large  lake  at  high  tide, 
into  which  the  waves  rush  and  retire  with  great  force,  whilst  at 
ebb  tide  the  water  is  shallow,  forming  a  muddy  morass  of  about  half 
the  dimensions  already  given.  On  the  24th  of  September,  during  a 
heavy  gale  from  the  west,  impinging  almost  straight  on  the  entrance 
to  the  lagoon,  and  whilst  the  sea  was  ninning  high,  enormous  num- 
bers of  small  fishes  were  observed  floating  dead  on  the  surface  of 
the  lagoon,  and  being  thrown  up  in  quantities  by  the  waves ;  and  on 

*  Qp.  «/.  ji^a,  p.  335. 
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the  gale  subsiding,  a  spectacle  presented  itself  on  the  following 
morning  unparalleled  by  anything  of  the  kind  ever  witnessed  by  the 
present  settlers.     The  whole  surface  of  the  lagoon  and  its  banks, 
from  the  entrance  to  the  limits  of  high  tide,  was  covered  with  dead 
fish,  to  a  depth  of  a  foot  in  some  places,  whilst  a  few  disabled  indi- 
viduals were  seen  swimming  in  the  lagoon  or  making  their  way  back 
with  the  returning  tide.     With  the  exception  of  a  few  Mackerel 
and  New- York  Flounder  (Platessa  platia),  this  vast  host  belonged  to 
one  species,  the  Clupea  dongata,  or  American  Herring,  and  averaged 
about  6  inches  in  length.     The  Herring  is  said  to  spawn  in  this 
neighbourhood ;  at  all  events  large  quantities  are  captured  by  torch- 
light and  nets,  chiefly  to  form  a  patent  manure,  which  is  manufac- 
tured at  Eastport.     Both  before  and  for  some  days  subsequent  to 
the  24th  of  September,  large  shoals  were  noticed  along  the  coast, 
and  many  barrelfuls  of  herrings  were  caught  at  the  mouth  of  the 
river.     Some  idea  of  the  vast  numbers  congregated  in  the  lagoon  on 
the  occasion  in  question  may  be  drawn  from  the  fact  that  there  was 
not  a  farmer  within  a  circuit  of  five  miles  who  did  not  carry  off 
several  cartloads  for  manure,  so  that  a  large  portion  disappeared 
before  my  arrival  on  the  8th  of  October ;  nevertheless  the  offensive 
smell  was  experienced  at  a  distance  of  two  miles,  and  the  air  of  the 
surrounding   country  was  contaminated   also  frt)m  the  qiiantities 
strewn  on  the  fields  by  the  farmers.     On  our  arrival  at  the  scene, 
the  smell  became  sickening ;  the  whole  surface  of  the  lagoon  and  its 
banks  were  literally  covered  with  decomposing  fish,  on  which  the 
Kittiwako,  Buffbn's  Squa,  and  other  gulls,  with  crows,  were  feeding 
sumptuously.     It  became  clear  that  the  shoal  had  been  impelled  by 
the  force  of  the  waves  on  the  coast,  and  were  dashed  to  death 
against  the  cliffs  ;  for  the  fallen  masses  of  rock  in  this  passage  to 
the  lagoon^were  thickly  besmeared  with  herrings  crushed  as  if  they 
had  been  pounded  in  a  mortar,  whilst  the  muddy  bottom  and  allu- 
vial bank  of  the  lagoon  were  absolutely  paved  with  their  dead 
bodies,  in  spite  of  the  enormous  quantities  removed  previously  by 
the  settlers.     By  some  fishermen  it  was  surmised  that  the  shoal  had 
been  driven  ashore  by  sharks  or  other  predaceous  fishes ;  but  the 
presence  of  a  severe  gale  at  the  time,  a  land-locked  bay,  and  the  fiiry 
of  the  waves  on  such  a  vast  mass  of  fish,  once  fairly  within  their 
influence,  indicate  that  their  destruction  was  the  result  of  mere 
accident.     When  once  the  shoal  of  fishes  got  into  shallow  water  (as 
a  matter  of  course  at  the  entire  mercy  of  an  unusually  boisterous 
sea),  it  seems  to  me  that  there  was  no  escape,  and  that  their  total 
destxuction  was  inevitable. 

Such  incidents  as  the  above  seem  exceedingly  rare,  at  least  as  far 
as  this  portion  of  America  is  concerned  ;  I  notice,  however,  a  similar 
occurrence  recorded  in  the  Proceedings  of  this  Society  as  having 
taken  place  on  the  coast  of  India.* 

To  the  geologist,  it  is  needless  to  remark,  such  accidents  as  the 
above  cannot  be  otherwise  than  intensely  suggestive.     Here  we  have 

*  "  On  the  Death  of  Fishes  during  the  Monsoon  off  the  Coastof  India,'*  by  Sir 
W.  Beniflon,  read  June  18,  1862.    Quart.  Joum.  Qeol.  Soc.  vol.  xviii.  p.  453. 


1868.]  ATKIN — NEW  HEBRIDES  AND  BANKS's  ISLANDS.  305 

the  Devonian  and  earlier  Palaeozoic  rocks  covered  with  Glacial  drift, 
now  being  overspread  by  a  marine  deposit  in  which  enormous  quan- 
tities of  one  species  of  fish,  in  every  possible  state  of  integrity  and 
mutilation,  are  mixed  up  with  Mussels  and  other  recent  shells,  Crus- 
tacea of  large  dimensions,  tests  of  Echini  and  other  Radiata, 
Annelids,  Plants,  ♦fee.  &c.  The  majestic  tidal  wave,  as  it  rushes 
up  the  Bay  of  Fuudy,  will  soon  cover  up  these  remains ;  and  in  the 
fiir  distant  future  mayhap  some  geologist  may  speculate  on  the 
causes  that  brought  about  this  wholesale  destruction  of  so  many 
fish,  just  as  we  are  lost  in  wonder  and  astonishment  how  and  by 
what  manner  of  means  siichlike  phenomena  took  place  in  many 
instances  among  the  Devonian  and  Carboniferous  systems  of  this  and 
other  continents. 


4.  On  YoLCANOEs  in  the  New  Hebrides  and  B.inks's  Islands. 
By  the  Rev.  Joseph  Atkin,  of  the  Melanesian  Mission,  Norfolk  Island. 

[Communicated  by  T.  Codrington,  Esq.,  F.G.S.] 

(Abridged.) 

Between  166°  and  170°  east  long.,  and  the  parallels  of  la"*  and  2\? 
south  lat.,  is  the  chain  of  volcanic  islands  called  the  New  Hebrides. 
The  Banks's  are  another  small  group  to  the  north,  and  the  Torres  are 
five  low  islands  to  the  north-west.  Of  the  New  Hebrides,  Tanna, 
Lopevi  and  Ambrym  are  now  active  volcanoes ;  of  the  Banks's  Islands, 
Santa  Maria  and  Great  Banks's  Island. 

At  Great  Banks's  Island  there  are  boiling  springs,  and  a  great 
number  of  little  vents  discharging  hot  sulphureous  vapour.  At 
Santa  Maria  there  is  only  one  of  these.  A  great  part  of  the  interior 
of  the  large  island  of  Ambrym  seems  perfectly  bare  of  vegetation. 
The  present  volcanic  action  is  on  the  east  slope.  No  crater  can  be 
seen,  but  all  the  active  eruption  is  in  a  part  two  or  three  miles  in 
extent.  It  seems  to  be  constant,  and  violently  active.  There  does 
not  seem  to  have  been  any  lava-stream  recentiy;  but  the  whole 
western  coast  of  the  island  is  formed  of  large  irregular  masses  of 
lava.  There  is  a  fringing  reef  of  coral  on  the  eastern  side  of  Santa 
Maria,  and  a  short  one  at  the  north  end  of  Ambrym. 

The  Island  of  Lopevi  is  not  more  than  two  miles  and  a  half  long, 
and  is  upwards  of  5000*  feet  high ;  from  some  points  it  appears  as 
a  perfect  cone.  It  was  not  known  to  be  active  until  1863,  when  its 
peak,  formerly  quite  sharp,  appeared  to  have  been  broken  off,  and  a 
thin  volume  of  smoke  was  going  up  from  the  top.  The  trees,  too, 
appeared  to  have  been  killed  in  divergent  lines  running  down  firom 
the  top  of  the  mountain.  In  1864  it  was  very  active  ;  in  working 
past  it  at  night  we  had  a  fine  view  of  it  flames ;  shooting  up  from  the 
crater  lighted  up  all  the  top  of  the  mountain  almost  every  minute ; 
and  once  the  lip  of  the  crater  broke  away,  and  an  avalanche  of  hot 
stones  and  ashes  ran  down  like  a  stream  of  fire  to  the  sea.  On 
pulling  to  the  shore  on  the  lee  side,  we  saw  no  lava ;  but  very  fine 

«  Measured  by  Mr.  Tilly,  Master,  B.N.,  of  the  '  Soatibem  CroM.' 
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ashes,  strewn  to  the  depth  of  several  feet  down  the  mountain -side, 
had  killed  all.  the  trees  and  shrubs  near  the  top,  and  even  near  the 
sea  ;  nothing  was  living  in  places  but  the  Casiiarina,  with  its  leaves 
scorched  white.     There  is  no  coral  to  be  seen  about  this  island. 

Tanna  I  have  only  seen  from  a  distance  :  the  tlames  going  up  from 
it  can  be  seen  a  very  long  way  at  night ;  but  I  do  not  think  it  is 
so  violent  as  Ambrym.  The  little  Island  of  Paama,  near  Lopevi, 
has  a  coral  patch  to  the  south-west  of  it,  but  has  no  coral  rocks  out 
of  water.  Lepers'  Island  has  one  or  two  shoals,  with  coral  on  them ; 
but  appears  to  be  altogether  volcanic.  Star  Island  has  no  coral 
cliffs,  and,  as  far  as  I  know,  no  shoals ;  it  goes  down  steep  to 
the  sea,  and  has  deep  water  close  to  the  rocks.  There  is  no  water 
at  Lepers'  Island,  except  what  is  filtered  into  little  pools  in  the 
sand  from  the  sea.  At  Mera  Lava  (Star  Island)  there  is  always 
water  in  the  crater,  but,  except  just  after  rain,  no  other  but  that 
obtained  as  at  Lepers'  Island. 

Vanna  Lava  (Great  Banks's  Island)  is  the  largest  island  of  the 
Banks's  group.  It  has  seven  rounded  hills,  irregularly  forming  the 
letter  S.  The  upper  or  northern  and  central  hills  are  joined  by  low 
land  ;  the  bases  of  all  run  into  one  another  at  a  height  of  from  400 
to  800  feet  above  the  sea-level.  There  are  no  craters  visible,  except 
the  active  one  ;  its  hill  is  more  pointed  than  the  rest ;  all,  however, 
seem  to  be  volcanic. 

On  the  13th  of  July  we  set  out  to  see  the  "  ours,"  as  the  natives 
call  the  hot  springs.  After  a  walk  of  some  hours  we  crossed  a  brook 
rushing  down  amongst  huge  boulders  coated  with  a  white  deposit. 
The  water  was  lukewarm,  whitish,  and  sent  up  a  creamy-looking 
acid  vapour.  Suddenly  we  came  to  the  top  of  a  ridge,  and  going  down 
a  very  steep  path  found  a  small  stream  of  warm  water,  smelling  of 
sulphuretted  hydrogen.  We  saw  that  a  few  hundred  yards  further 
up  the  stream  smoke  was  coming  out  of  the  opposite  bank ;  but  we 
went  on,  up  through  some  scrub,  until  we  came  to  an  open  space  of 
about  an  acre  with  little  funnels  all  over  it,  throwing  off  fumes  of 
sulphur ;  the  larger  ones  had  raised  tumuli  of  sulphur  round  them. 
In  one  hollow  these  were  quite  thick  together  and  sent  up  a  light 
smoke,  which  we  can  usually  see  from  our  anchorage,  six  miles  distant 
in  a  straight  line.  About  half-an -hour's  walk  brought  us  to  another 
of  these  places,  much  smaller,  but  with  hotter  fires  than  the  lower 
one.  The  natives,  knocking  off  the  top  of  one  of  the  sulphur  heaps 
with  their  sticks,  made  a  little  eruption ;  the  lumps  that  fell  down 
the  chimney  were  thrown  up  into  the  air,  knocking  away  more  of 
the  top  of  the  heap,  and  scattering  it  in  all  directions.  We  crossed 
a  little  stream,  but  came  upon  it  again  higher  up,  and  walked  up  its 
bed  to  the  springs.  The  water  was  milky-looking,  semitransparent, 
without  any  particularly  offensive  smell.  It  was  just  as  hot  as  we 
could  bear.  The  source  of  this  stream  is  a  pool  or  small  lake  about 
fifty  yards  long.  At  the  end  nearest  the  outlet  it  boils  up  with 
what  must  bo  nearly  cold  water,  for  it  gives  out  no  steam.  At  the 
other  end  the  banks  rise  and  narrow  the  lake  into  a  little  gorge;  the 
end  of  it  is  hidden  by  a  constant  jet  of  steam  5  or  6  feet  in  diameter. 
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very  dense,  and  rising  with  scarcely  any  noise,  but  very  fast,  up 
the  almost  perpendicular  face  of  the  hill,  which  rises  to  the  height 
of  600  or  700  feet  behind  it.  By  a  short  circuit  we  got  to  the  top 
of  this  cliff  and  could  look  down  into  the  lake,  but  we  saw  only 
the  windward  half  of  it ;  underneath  us  was  solid-looking  steam, 
rising  up  to  where  we  were  standing.  As  seen  from  above,  the 
lake  looks  like  the  bottom  of  a  large  crater  two  or  three  miles 
across,  with  high  hills  on  three  sides,  but  having  the  windward  side 
(the  south-east)  open.  There  was  no  appearance  of  any  old  craters 
beside  this ;  but  all  the  eastern  side  of  the  hill  that  forms  the 
northern  boundary  of  the  crater  is  full  of  little  vents,  which  some- 
times can  all  be  seen  smoking,  but  commonly  only  a  few  small  pufQs 
are  visible  from  the  sea.  Three  years  since,  flames  were  seen  appa- 
rently rising  from  the  place ;  and  eight  years  since,  the  mountain 
was  very  active:  large  quantities  of  ashes  fell  at  Mota,  ten  miles  to 
windward,  withering  the  leaves  of  some  of  the  trees  there.  When 
we  stood  by  the  lake,  we  felt  a  slight  trembling  of  the  earth,  but 
only  when  very  near  to  it. 

April  8,  1868. 

TV.  F.  Webb,  Esq.,  Newstead  Abbey,  Notts ;  The  R«v.  H.  W. 
Crosskey,  10  Corunna  Terrace,  Glasgow  ;  G.  11.  West,  Esq.,  B.A., 
Christchurch,  Oxford:  T.  Ainstie,  Esq.,  B.A.,  C.E.,  Devizes;  R. H. 
Brunton,  Esq.,  C.E.,  84  George  Street,  Edinburgh ;  and  H.  B.  Wood- 
ward, Esq.,  of  the  Geological  Survey  of  England,  were  elected  Fel- 
lows of  the  Society. 

The  following  communications  were  read  : — 

1.  On  the  Affinities  and  probable  Habits  of  the  extinct  Australiak 
Marsupial,  Thylacoleo  camifex,  Owen.  By  William  Henby 
Flower,  F.R.C.S.,  F.G.S.,  F.KS.,  &c..  Conservator  of  the  Museum 
of  the  Royal  College  of  Surgeons. 

The  late  Dr.  Falconer,  in  a  paper  published  in  the  Quarterly  Jour- 
nal of  this  Society  for  November  1 862*,  has  given  a  masterly  and 
detailed  statement  of  the  arguments  which  led  him  to  infer  that 
the  small  oolitic  mammal,  Plagiaulax,  known  only  by  its  lower  jaw, 
was  a  phytophagous  or  mixed-feeding  animal,  having  its  nearest 
allies  among  the  recent  Ifi/psipri/mni,  or  Rat-kangaroos.  Thia 
paper  was  written  in  consequence  of  Professor  Owen  having  pub- 
lished his  conclusion,  from  precisely  the  same  data,  that  Plagiavdax 
was  a  *'  caiTiivorous  marsupial,"  its  teeth  being  fitted  to  "  pierce, 
retain,  and  kill,'*  and  "  cut  and  divide  soft  substances  such  as  flesh." 
As  justly  stated  by  Dr.  Falconer,  the  interests  involved  in  the 
case  are  important.  "  Are  the  indications  of  palsBontology,"  he  in- 
quires, '<  more  especially  in  its  great  stronghold  in  the  mammalia — 
the  teeth  and  correlated  organs — so  unstable  and  so  obscure  that, 
of  two  palaeontologists,  the  same  dental  and  mandibular  materials 
shall  lead  the  one  to  infer  that  the  fossil  form  was  a  vegetable 

*  Quart.  Journ.  Qeol.  Soo.  vol.  zviiL  pp.  348-369. 
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feeder,  and  the  other  that  it  was  a  predaceous  carnivore  ?  Or  does 
the  Qpnflict  of  opinion  arise  from  different  methods  having  been 
followed  by  the  observers  in  dealing  with  the  evidence  ?  "  He  con- 
cludes that  the  question  will  not  rest  in  its  present  disputed  state. 
"  Other  palaeontologists  will  examine  the  evidence,  and  give  their 
verdict.** 

For  my  part,  I  cannot  hesitate  to  express  my  full  conviction  of 
the  soundness  of  Dr.  Falconer's  views,  as  far  as  may  be  deduced  from 
the  evidence  before  us.  There  is  one  point,  however,  referred  to 
incidentally  but  frequently  in  the  course  of  his  paper,  on  which  I 
am  obliged  to  differ  from  that  distinguished  palseontologist,  without 
in  the  slightest  degree  wishing  to  impugn  his  well-known  and  justly 
esteemed  acumen  and  discernment  in  such  matters ;  for  it  is  a 
point  on  which  he  had  evidently  never  concentrated  those  powers 
of  mind  which  led  him  to  so  logical  a  conclusion  in  the  closely 
reasoned  case  of  Plagiaulax, 

This  animal  had  been  associated  by  Professor  Owen  with  Thyla- 
coleo,  "  a  much  larger  extinct  predaceous  marsupial  from  Tertiary 
beds  in  Australia"*.  Dr.  Falconer,  in  his  anxiety  to  show  that 
Plagiaulax  could  not  have  been  carnivorous,  has  endeavoured  to 
separate  it  as  much  as  possible  from  ThylacoleOy  laying  g^eat  empha- 
sis on  all  the  points  of  divergence  that  could  be  found  between 
them.  He  was  evidently  under  the  impression  that  the  latter  had 
been  proved  to  be  a  carnivorous  marsupial,  without  staying  to  in- 
quire into  the  arguments  on  which  the  assumption  rested — the 
real  fact,  however,  being,  as  I  shall  endeavour  to  show,  that  the 
affinities  of  Plagiaulax  and  ThylacoUo,  correctly  discerned  by  Pro- 
fessor Owen,  tend  rather  to  strengthen,  instead  of  detracting  from, 
Dr.  Falconer's  main  argument. 

The  history  of  the  last-named  remarkable  animal  is  as  follows  : 
— ^In  a  paper  in  the  Philosophical  Transactions  for  1869  (p.  309), 
under  the  title  "  Description  of  a  mutilated  skull  of  a  large  Marsu- 
pial Carnivore  (Thylacoleo  camifex,  Owen)  from  a  calcareous  con- 
glomerate stratum,  eighty  miles  S.W.  of  Melbourne,  Victoria,"  Pro- 
fessor Owen  gave  a  detailed  and  illustrated  description  of  a  speci- 
men, discovered  by  Mr.  W.  Adeney,  and  presented,  in  1846,  to  the 
Museum  of  the  Royal  College  of  Surgeons,  by  Dr.  Hobson,  of  Mel- 
bourne, proving  beyond  question  its  marsupicd  character,  and  stating 
that  '*  the  chief  conclusion  as  to  the  aJ9inities  of  the  animal  to 
which  they  the  [fossil  remains]  belonged  had  been  indicated  by 
the  term  Thylacoleo,  i,  e.  Marsupial  or  Pouched  lion,"  and  that 
"  amongst  existing  Marsupial ia  the  SarcophiluSy  or  Dasyurus  ursinus 
— at  present  the  largest  e3dsting  species  of  its  genus — seems  to  me  to 
have  the  nearest  affinities  to  the  Thylacoho,  although  the  interval  be 
still  very  great  between  them."  It  was  further  stated  in  this  paper, 
"  From  the  size  and  form  of  the  camassials  of  ThylacoUo,  especially 
the  upper  one,  we  may  infer  that  it  was  one  of  the  fellest  and 
most  destructive  of  predatory  beasts." 

In  a  later  volume  of  the  Philosophical  Transactions  (1866,  p.  73), 

*  Owen,  *  Palaeontology,'  2nd  edit.  p.  354  (1861). 
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Professor  Owen  described  and  figured  a  more  complete  skull,  belong- 
ing to  "  the  same  large  carnivorous  marsupial."  The  specimen  was 
obtained  from  "  that  part  of  the  freshwater  deposits  of  Darling 
Downs  through  which  the  river  Condamine  has  cut  its  bed."  The 
additional  evidence  afforded  by  the  more  perfect  condition  of  the 
specimen  appears  to  have  modified  Professor  Owen's  views  as  to 
the  affinities,  though  not  as  to  the  diet  and  habits,  of  the  animal. 
"  Thylacoleo,"  we  now  read,  "  exemplifies  the  simplest  and  most 
effective  dental  machinery  for  predatory  life  and  carnivorous  diet 
known  in  the  mammalian  class.  It  is  the  extreme  modification,  to 
this  end,  of  the  Diprotodont  type  of  MarsupiaHia.  Besides  the  fiill 
confirmation  which  the  additional  fossils  here  described  give  of  the 
marsupiality  of  Thylacohoy  its  closer  affinities  in  that  order  are 
shown  to  be,  not  to  the  existing  carnivorous  marsupials,  e,  g,  Sar^ 
ccphilus,  DasyuruSy  Thylacinus,  Didelphys,  but  to  the  Diprotodons, 
Nototheres,  Koalas,  Phalangers,  and  Kangaroos.'' 

Beyond  this  incomplete  cranium  and  mandible,  nothing  is  at  pre- 
sent known  with  certainty  of  the  structure  of  this  remarkable  ani- 
mal *.  But  from  the  information  contained  in  the  above- quoted 
memoirs,  with  some  additional  observations  derived  from  the  exami- 
nation of  some  more  recently  received  fragments  in  the  British 
Museum,  and  part  of  a  mandible  (from  the  Wellin^n  Valley)  in 
the  Museum  of  the  College  of  Surgeons,  the  dental  characters  are 
sufficiently  apparent  to  enable  us  to  draw  with  tolerable  certainty 
all  such  conclusions  as  to  affinity,  food,  and  general  mode  of  life  as 
may  legitimately  be  derived  from  the  study  of  this  most  important 
part  of  its  organization. 

The  first  subject  upon  which  the  attention  will  naturally  be  en- 
gaged when  any  new  object  of  this  nature  is  brought  to  light  is 
a  comparison  with  already  known  forms,  with  a  view  to  ascertain 
to  which  of  them  it  most  nearly  approximates.  This  inquiry  must 
precede  any  purely  deductive  speculations  as  to  its  characters  or 
purpose. 

The  most  striking  feature  in  the  dentition  of  ThylacoUo  (see  fig.  1, 
p.  312)  is  the  single  hugec  ompressed  trenchant  premolar!"  tooth  in 
either  jaw.  This  tooth  alone,  interpreted  by  a  mere  empirical  com- 
parison with  teeth  of  known  animals,  appears  sufficient  to  furnish 
the  key  to  the  whole  (question  at  issue.  Professor  Owen,  naturally 
pursuing  this  method  of  proceeding,  fixed  upon  the  so-called  "  sec- 
torial," or  "  camassial "  tooth  of  the  lion  as  its  nearest  similitude 
among  mammalian  teeth,  and  has  ever  since  spoken  of  it  as  a  "  sec- 
torial "  or  "  carnassial,"  and  assigned  corresponding  functions  to  all 
the  other  teeth.  It  was  the  examination  of  this  same  tooth,  result- 
ing in  finding  that  it  agreed  more  closely  with  a  tooth  of  a  very 
different  animal,  that  has  lead  me  to  another  conclusion. 

That  the  resemblance  of  the  great  premolar  of  Thylacoleo  to  the 

*  That  the  metacarpal  bone  figured  in  the  Phil.  Trans.  1859,  pi.  xiii.  belonged 
to  the  same  animal  as  the  skull,  is  only  conjectural. 

t  So  called  froin  its  apparent  homology  with  the  posterior  premolar  of  the 
recent  marsupials. 
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"  camassial"  of  the  true  Camivora  is  merely  superficial  is  easily  shown. 
Indeed  the  differences  between  the  upper  tooth,  with  its  simple 
crown  and  "  even  and  uniform  "  trenchant  edge  "  describing  a  very 
feeble  concavity  lengthwise,"  and  the  trilobed  crown  of  the  Feline 
camassial,  and  especially  the  absence  of  any  distinct  inner  lobe  or 
tubercle  supported  by  a  third  fang,  have  been  so  clearly  pointed  out 
in  the  original  description  (Phil.  Trans.  1859,  p.  311)  that  little 
more  need  be  said  on  this  point.  There  is  another  striking  difference 
in  the  lower  tooth  from  that  of  the  true  Camivora.  As  is  well  seen 
in  the  jaw  in  the  Museum  of  the  Royal  CoUege  of  Surgeons,  in  which 
the  tooth  is  broken  off  rather  below  the  base  of  the  crown,  it  has 
two  roots,  of  which  the  anterior  is  considerably  smaller  than  the 
posterior,  whereas  in  the  lower  sectorial  tooth  of  the  cats  and  hysenas, 
these  proportions  are  always  exactly  reversed. 

The  differences  which  exist  between  these  teeth  of  ThxjJacoleo  and 
their  supposed  representatives  in  the  implacental  carnivora  are  still 
greater.  Indeed  there  is  no  tooth,  either  of  the  upper  or  lower  jaw, 
of  any  of  the  Thylacincs,  Dasyures,  or  Opossums  that  can  be  with 
any  reason  compared  with  them.  When,  however,  we  pass  to  ano- 
ther group  of  tlic  same  subclass,  the  Hypsiprymni  or  Hat-kangaroos 
(fig.  2,  p.  31 2),  we  see  at  once  in  the  great  cutting  premolar  a  miniature 
of  that  of  Thylacoleo.  The  position  in  the  jaws,  the  shutting  of  the 
upper  tooth  against  the  outer  edge  of  the  lower  one,  as  shown  by  the 
wearing  and  polishing  of  the  respective  surfaces,  the  general  charac- 
ter of  the  simple,  compressed,  trenchant  crown,  without  any  accessory 
cusps  or  tubercles,  and  the  relative  proportions  of  the  anterior  and 
posterior  fangs  of  the  lower  teeth  precisely  correspond. 

On  comparing  a  large  series  of  skulls  of  Hypsiprymni  of  dif- 
ferent species  it  will  be  found  that  this  tooth,  though  always  retain- 
ing the  above  general  characters,  varies  greatly  in  the  details  of  its 
configuration  and  in  relative  size.  In  some  species  it  is  much  larger 
in  proportion  to  the  size  of  the  skull  and  the  other  teeth  than  in 
others.  In  some  the  internal  and  external  surfaces  are  nearly  flat, 
in  others  concave.  The  free  margin  in  some  is  nearly  straight, 
in  others  (and  this  is  more  often  the  case)  more  or  less  concave. 
Lastly,  the  vertical  grooves  and  ridges  on  the  sides  of  the  crown, 
found  in  nearly  all,  vary  greatly  in  number  and  character,  being 
numerous,  fine,  regularly  ])arollel,  deeply  cut,  and  closely  placed 
in  some,  as  H.  OaimardU  and  H,  Grayii,  or  few  in  nimiber  and  almost 
obsolete,  as  in  H,  campestn's,  murinm,  and  rufescens.  Among  all 
these  modifications  the  corresponding  tooth  of  Thylacoho  would  easily 
find  a  place,  although  it  agrees  exactly  with  no  one  existing  species. 
The  vertical  grooves  and  ridges,  though  distinct  enough  to  show  its 
adherence  to  the  type,  are  as  little  marked  as  in  some  of  the  exist- 
ing species  mentioned  above.  In  relative  size  it  considerably  ex- 
ceeds even  that  of  H.  rufesctns  or  Dorcopsis  MiiUeri. 

To  pass  to  the  other  teeth  of  Thylacoho,  the  incisors  in  the  upper 
jaw  are  three  on  each  side,  known  only  by  their  sockets  and 
the  broken  stump  of  the  first,  which  was  clearly  much  larger 
than  the  other  two ;  below  there  was  a  single  large  compressed  inci- 
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sor  close  to  the  middle  line,  directed  obliquely  upwards  and  for- 
wards. In  the  number  and  arrangement  of  these  teeth,  therefore, 
ThijJacoho  corresponds  exactly  with  the  modem  families  Macropo- 
dkliti  and  Phalangistidce,  and  differs  completely  from  the  carnivorous 
marsupials.  The  same  may  be  said  of  the  canines,  which  are  entirely 
absent  in  the  lower  jaw,  and  represented  above  by  a  very  small, 
simple,  conical  tooth  (fig.  l,c),  exactly  as  in  the  Phalangistidce  and 
the  greater  number  of  Maeroprodidce,  especially  Hypsiprymnus  (fig. 
2,  c).  Between  the  canine  in  the  upper  jaw,  and  the  great  trenchant 
premolar,  there  are  moreover  two  small  simple  teeth,  with  rounded 
crowns,  which  must  be  regarded  as  anterior  premolars.  In  the  pre- 
sence of  these  teeth  Thylacoleo  differs  from  Hypsiprymnus  and  all 
the  Macropodidce-,  but  in  Phodamjista  one  or  more  of  such  small  teeth 
in  front  of  the  largo  posterior  premolar  (undoubtedly  homologous 
with  the  great  premolar  of  Hypsiprymnus  and  therefore  probably 
with  that  of  Thylacoleo)  are  the  rule. 

One  of  the  most  remarkable  features  in  the  dentition  of  this  ani- 
mal is  the  reduction  in  number  and  size  of  the  true  molars,  of  which 
but  one  is  present  in  the  upper,  and  two  in  the  lower  jaw.  This 
reduction  is  evidently  in  relation  with  the  excessive  development  of 
the  great  trenchant  premolar.  It  is  interesting  to  observe  a  ten- 
dency to  the  same  occurrence  in  the  recent  allied  forms.  While  in 
the  true  Kangaroos,  where  the  premolar  is  relatively  small,  the  true 
molars  increase  in  size  from  the  first  to  the  fourth,  in  all  the  Bat- 
kangaroos,  on  the  contrary,  they  decrease,  and  the  last  is  always 
notably  smaller  than  the  others.  In  many  species  this  is  quite 
rudimentary ;  and  it  is  occasionally  altogether  absent  on  one  or  both 
sides,  reducing  the  number  of  true  molars  to  three,  as  in  specimens 
of  H.  Oyilhyi  in  the  British  Museum.  The  form  of  the  molars  dif- 
fers greatly  in  different  members  of  the  Macropodidce ;  but  these 
teeth  in  Thylacoleo,  in  their  rudimentary  and  stunted  condition,  offer 
no  characters  by  which  they  can  be  compared  very  closely  with  any 
of  the  known  forms. 

There  is  nothing,  in  the  structure  of  such  portions  of  the  cranium 
and  mandible  of  Thylacoleo  as  are  known,  which  belies  the  conclu- 
sions arrived  at  as  to  its  affinities  from  the  dentition.  It  differs 
much  from  any  of  the  now  existing  Macropodidoi  in  the  small  rela- 
tive size  of  the  brain-cavity,  and  in  the  great  development  of  the  tem- 
poral ridges,  which  meet  in  the  middle  line  at  the  top  of  the  skull, 
forming  a  sagittal  crest.  This  is  probably  only  a  difference  of  the 
kind  always  observable  in  comparing  large  with  small  species  of  a 
natural  group,  and  not  an  indication  of  its  affinity  with  the  smaller- 
brained  carnivorous  Dasyures  and  Opossums.  In  the  phytophagous 
Phalangers,  moreover,  the  sagittal  crest  is  as  strongly  developed, 
and  the  brain-case  almost  as  small  as  in  Thylacoleo, 

In  the  conspicuous  development  of  the  postorbital  processes  it 
differs  from  nearly  all  the  members  of  the  two  families  to  which 
otherwise  it  appears  most  closely  related ;  but  some  Hypsiprymni, 
afl  H  murinus,  have  such  processes  well  marked  ;  and  their  unim- 
portance as  a  family  character  is  shown  in  the  Wombats,  where  they 
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Fig.  I. — Thylacoleo  camifex,  rutoml.  OtK-lhird  the  nalurdl  lixe. 
From  tpecimtni  in  the  BrilUh  Mutetim  and  31iiieum  of  the  Rogal 
College  of  Sanfomt. 


The  unduided  part*  are  oonjectunl.  c.  The  canine.  The  gmall  apper  tabor- ' 
cular  roolftT  is  concealed  behind  the  large  compressed  trench&nt  prsmolBr. 
Tbe  outting  edge*  of  the  premolars,  eepedallj  of  the  lower  one,  an  mudi 


Fig.  2. — Thylacoleo  camifex,  ratored.     One-tJiird  the  natural  size. 


—THTLACOLBO. 


Fig.  4. — Koala,  PUaBcolarctoi 
cinereus.  A  phytophagout 
Martupial.  T^ee-fovr&a 
the  natural  tize.  fVwn  a 
the  Afusaim  of  &e 
Hoyal  CoJlege  of  Sargeona. 


Fig.  5. — Das}-urus  msinus.  A  predaceoua  camivorowa  Manapud. 
Three-fouriha  the  natural  siu.  From  a  nhuJI  in  the  MvMvm  of 
the  Royal  CoUegt  of  Suri/eona. 
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are  absent  in  one,  and  strongly  developed  in  another  species  {Phas^ 
edomys  vombatus  and  P.  latlfrons).  The  anterior  part  of  the  face, 
whether  seen  from  above,  the  side,  or  in  front,  presents  a  stronger 
resemblance  to  the  corresponding  part  of  the  Koala  {Fhascolarcios) 
(fig.  4,  p.  313),  and  the  Phalangers  of  the  subgenus  Ctiscus  (especially 
P.  maculosa)  than  to  that  of  any  other  known  marsupials. 

The  ascending  ramus,  condyle,  and  angle  of  the  lower  jaw  are  un- 
known ;  but  one  important  and  highly  characteristic  part  is  present 
in  the  specimen  in  the  Museum  of  the  Royal  College  of  Surgeons,  as 
well  as  in  those  figured  (from  a  cast  and  photograph)  in  the  Philo- 
sophical Transactions.  This  is  the  anterior  boundary  of  the  fossa 
for  the  insertion  of  the  temporary  muscle.  The  extraordinary  depth 
of  this  fossa  and  its  sharply  defined,  evenly  curved,  almost  semicir- 
cular anterior  boundary  form  one  of  the  most  distinguishing  osteolo- 
gical  features  of  the  recent  Macropodidoe* ,  In  the  carnivorous  mar- 
supials, on  the  other  hand,  the  fossa  is  comparatively  shallow.  In 
the  Thylacine  the  prominent  upper  and  lower  margins,  approaching 
each  other  at  an  acute  angle,  scarcely  meet  in  frx)nt,  and  the  fossa 
at  this  part  passes  insensibly  into  the  outer  surface  of  the  hori- 
zontal ramus.  In  most  Dasyuri  and  true  Opossums  the  margin  is 
much  more  complete ;  and  the  fossa  is  deepest  and  best  defined  in 
Dasyurus  ursimis.  In  the  Phalangers,  which  are  undoubtedly 
closely  related  to  the  Kangaroos  in  many  parts  of  their  organization, 
and  which  agree  with  them,  generally,  in  the  nature  of  their  food, 
the  fossa  is  as  shallow  as  in  the  carnivorous  Opossums,  showing 
that  its  characters  give  little  indication  on  which  to  found  affinities 
in  a  broad  sense. 

Thylacoleoy  in  the  regular  wide  curve  and  sharp  definition  of  the 
anterior  margin  of  the  fossa,  resembles  the  Kangaroos  more  than  the 
Dasyures  ;  but  the  shallowness  of  the  fossa  itself  (deeper,  however, 
than  in  any  known  carnivorous  marsupial)  decidedly  shuts  it  out 
from  the  family  Macropodidoi  as  ordinarily  defined t.  It  is  pro- 
bable that  herein,  as  in  the  additional  small  upper  premolar  teeth,  it 
shows  affinities  with  the  Phalangers.  This  character  is  certainly 
not  in  itself  any  evidence  of  its  relation  to  the  Dasyures. 

As  far,  then,  as  the  dental  and  cranial  characters  show,  I  think 
that  there  can  be  no  question  that  Thylacoleo  is  a  highly  modified 
and  aberrant  form  of  the  type  of  Marsupials  now  represented  by  the 
MacropodidcB  and  Phalangistidai,  though  not  belonging  to  either  of 
these  families  as  now  restricted. 

Although  these  relationships  are  not  brought  out  in  any  detail  by 
Professor  Owen,  and  scarcely  a  single  comparison  is  instituted  witi 
the  skull  or  teeth  of  any  phytophagous  marsupial,  the  quotation 
given  above  from  the  second  paper  (Phil.  Trans.  1866)  shows  that  they 
have  been  fully  recognized  by  him.  It  may  therefore  be  assumed 
that  these  are  admitted  facts,  and  we  may  pass  to  the  consideration 
of  the  evidence  of  the  predatory  nature  of  Thylaccleo  eamifex. 
Why  should  this  animal  be  branded  with  such  a  direful  title  ? 

*  The  Wombats  present  the  same  character  in  a  modified  form. 

t  Diprotodon  also  differs  from  the  recent  Macropodida  in  this  respect. 
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The  consideration  of  this  subject  involves  a  glance  at  the  whole 
(question,  as  to  whether,  and,  if  so,  within  what  limits,  the  cha- 
racters of  an  animaPs  teeth  aflford  a  guide  to  a  knowledge  of  the 
nature  of  its  food  and  general  habits.  Although  it  may  be  asserted 
broadly  that  certain  strongly  marked  forms  of  dentition  are  con- 
stantly associated  with  the  function  of  seizing  and  masticating  cer- 
tain kinds  of  alimentary  substances,  there  are  so  many  instances  of 
allied  animals  having  very  different  dietetic  habits  without  any 
corresponding  modification  of  dental  structure  (to  take  the  well- 
known  case  of  the  Bears,  for  example),  that  too  much  caution  cannot 
be  exercised  before  pronouncing  a  positive  opinion  in  regard  to  any 
newly  discovered  form  the  habits  of  which  are  totally  unknown,  as 
is  necessarily  the  case  with  an  extinct  animal.  I  think,  however, 
that  the  following  proposition  will  be  generally  accepted  as  the  first 
step  in  the  process  of  forming  a  conclusion  upon  the  subject : — That 
if  all  the  known  species  of  a  large  group  of  animals  with  teeth 
formed  upon  one  peculiar  type  lead  lives  peaceable  and  inofibnsive  to 
their  neighbours,  and  feed  mainly  on  vegetable  substances,  the  pro- 
babilities, in  the  case  of  any  newly  discovered  species  having 
teeth  constructed  upon  the  same  general  type,  are  greatly  in  favour 
of  its  having  possessed  similar  habits,  and  been  nourished  by  a  cor- 
responding diet. 

To  apply  this  to  the  present  case,  it  is  a  well-known  fact  that  all 
the  animals  belonging  to  the  families  Macropodida*  and  Phalan^ 
gisHdctfy  including  upwards  of  seventy  species,  are  in  the  main 
phytophagous,  feeding  either  on  grass,  roots,  fruits,  buds,  or  leaves, 
the  larger  proportion  of  them  exclusively  so,  though  a  few  (the 
arboreal  Phalangers)  are  said  also  to  partake  occasionally  of  insects 
and  small  birds.  Not  one  of  the  group  is  known  to  be  exclusively 
carnivorous,  or  ever  to  attack  or  destroy  animals  approaching  to 
itself  in  she. 

The  presumption  in  the  case  of  Thylacoleo  is,  therefore,  that  it 
was  also  a  vegetable  feeder ;  and  this  presumption  can  only  be  over- 
ruled by  pointing  out  some  special  modifications  of  its  dental  struc- 
ture of  such  a  nature  and  extent  as  to  warrant  our  inferring  a  total 
subversion  of  the  habits  of  its  congeners. 

In  order  to  test  how  far  such  modifications  have  been  shown  to 
exist,  I  will  cite  Professor  Owen's  principal  arguments  for  the  pre- 
datory nature  of  this  animal.  "  In  existing  carnivorous  mammals," 
he  says,  "  the  ferocity  of  the  species  is  in  the  ratio  of  the  *  car- 
nassiality  *  of  the  sectorisd  molar,  i,  e.  of  the  predominance  of  the 
*  blade '  over  the  *  tubercle ;'  and  this  ratio  is  shown  more  particu- 
larly in  the  upper  sectorial,  in  which,  as  the  tubercular  part  enlarges, 
the  species  becomes  more  of  a  mixed  feeder,  and  is  less  devoted  to 
the  destruction  of  living  prey.  From  the  size  and  form  of  the  car- 
nassiak  of  Thylacol^o,  especially  of  the  upper  one,  wo  may  infer  that 

•  Equivalent  to  Prof.  Owen's  division  Poephaga,  or  *'  Qrass-oaiing "  Bfar- 
Kupuils. 
T  Equivalent  to  Prof.  Owen's  Carpophuga,  or  "  Finiit-eating  "  Manupials. 
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it  was  ouc  of  the  fcUest  and  most  destructive  of  predatoiy  beasts." 
(Plul.  Trans.  1859,  p.  310.) 

Again, ''  the  size  of  the  laniury  canine  in  Felis  being  here  trans- 
ferred to  the  first  incisor,  its  function  as  killer  was  similarly  pro- 
vided for  by  the  approximation  to  the  moving  power,  through  the 
extreme  shortness  of  both  upper  and  lower  jaws,  especially  anterior 
to  the  chief  molur.  In  Felis  the  small  incisors  are  very  little  in 
advance  of  the  canine :  this  large  tooth  is  almost  at  the  fore  part  of 
both  upper  and  lower  jaws  ;  and  in  ThylacoUo  the  relative  position 
of  the  incisor  tusk  to  the  enormous  temporal  fossa  is  sudi  as  to 
give  it  the  ndvanta^'  of  a  harder  or  closer  grip  during  the  action  of 
the  powerful  temporal  muscles."  And  further,  '*  the  chief  businces 
of  the  teeth  htis  been  delegated  to  the  tusks  and  camassials  ;  deve- 
lopment has  been  concentrated  on  these  at  the  cost  of  the  rest  of  the 
normal  or  tyi)ical  dental  series.  The  foremost  teeth  seized,  pierced, 
lacerated,  or  killed  ;  the  camassials  divided  the  nutritive  fibres  of  the 
prey.  Tliijlacoho  exemplifies  the  simplest  and  most  effective  dental 
machinery  for  predatory  life  and  carnivorous  diet  known  in  the 
Mammalian  class."  (Phil.  Trans.  1806,  pp.  79,  80,  81.) 

In  the  first  place,  it  may  be  replied  that  the  great  cutting  pre- 
molar of  ThtflacoleOy  as  has  been  already  shown,  bears  no  real  com- 
parison with  the  carnassial  tooth  of  the  Camivora,  but  witli  the 
compressed  premolar  of  the  IJypsiprymm,  It  would  certainly  be  to 
iha  purpose  to  i)rove  that  those  Kat-kangaroos  which  have  the 
largest  development  of  this  tooth  show  specially  bloodthirsty  inclina- 
tions, or  have  any  greater  preference  for  animal  food  than  the  rest ; 
but  I  am  unable  to  find  any  evidence  to  this  effect.  That  their  diet 
may  be  composed  more  largely  of  roots  than  grass  and  leaves  is  very 
probable  ;  at  all  events,  it  is  known  that  the  members  of  the  genua 
are  generally  more  rhizophagous  than  the  true  Kangaroos ;  and  this 
fact  may  i>erhaps  afford  some  indication  of  the  mode  of  life  of  Thy- 
lacoho*.  The  Phalangers  of  the  section  Cuscus,  to  which  semi- 
camivorous  habits  have  been  attributed,  differ  completely  from 
Thylacoho  in  the  construction  of  the  molars,  and  especially  in  having 
tolerably  well-developed  upper  canines,  though,  as  before  men- 
tioned, in  some  of  the  characters  of  the  skull  (the  shortness  of  the 
muzzle,  and  verticality  of  the  symphysis  of  the  lower  jaw,  and  con- 
sequently of  the  incisors)  they  are  not  bo  far  removed  from  it  These 
latter  common  characters  are  shared,  however,  by  the  purely  phy- 
tophagous and  harmless  Koala  {Pliascolarctos)  (p.  313,  ^f^,  4). 

Witli  regard  to  the  second. question,  the  peculiar  adaptation  of  the 
greatly  developed  middle  incisors  to  a  predatory  life,  exactly  similar 
views  applied  to  PlagiatJax  were  thus  met  by  Dr.  Falconer : — **  Let 
us  now  test  the  opinion  in  its  professed  character  as  a  physiological 
deduction.  Throughout  the  Mammalia,  where  teeth  perform  the 
function  of  canines  '  to  pierce,  retain,  and  kill,'  they  are  held  well 
apart  through  the  interposition  of  a  liue  of  incisors,  the  end  being  ob- 

*  The  Rat-kangarooK,  like  ko  many  other  animalft,  are  almost  omniTOroua  in 
confinement:  but  this  circumstance  affbrdfi  little  indication  of  their  habiti  in 
their  natural  btate. 
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vious :  the  points  of  penetratiou  are  doubled,  the  grasp  is  strengthened 
by  widening  the  base,  and  the  dilacerating  and  killing  powers  are 
multiplied.  To  arrange  them  collaterally  in  the  axis  would  be  to 
place  them  at  a  disadvantage  to  the  end  to  be  attained.  But  when 
a  gnawing  power  is  required,  the  middle  incisors  are  powerfully 
developed,  and  placed  collaterally  in  the  axis  of  the  jaws,  one  on 
each  side,  above  and  below,  as  typically  exemplified  in  the  placental 
Rodents  and  Chiromys,  Doubtless  a  Bat,  when  seized,  can  inflict  a 
smart  wound  on  the  hand  ;  but  the  power  is  a  secondary  attribute, 
complementary  to  the  main  function.  Regarded  in  this  aspect,  it  is 
negatively  stamped  upon  the  incisors  of  Flagiaulax  by  their  colla- 
teral position  that  they  are  not  constructed  upon  the  carnivorous 
plan  of  design,  nor  in  rational  correlation  therewith"  (op.  cit,  p.  352). 

It  is  certainly  one  of  the  most  significant  circumstances  con- 
nected with  the  relation  of  dental  armature  to  food  and  habits,  that 
every  known  true  predaceous  carnivorous  animal  (by  which  I  mean 
one  which  kills  and  eats  creatures  at  all  comparable  to  itself  in  bulk 
and  capable  of  making  any  efiectual  resistance)  has  powerful  and 
pointed  canine  teeth  in  both  jaws,  combined  with  comparatively 
small  incisors,  which  diminish  in  size  as  they  approach  the  middle 
line  (see  fig.  5,  p.  313.  A  typical  placental  carnivore,  as  Felis,  would 
have  exemplified  this  even  more  strongly) ;  and,  moreover,  this 
adaptive  type  of  dentition  is  found  equally  well  marked  in  animals 
having  similar  habits,  both  in  the  placental  and  implacontal  series, 
which  differ  so  entirely  in  the  far  more  fundamental  or  deep-seated 
conditions  of  organization,  including  the  characters  of  dental  develop- 
ment and  succession*.  This  relation  of  canines  to  incisors  is 
evidently  more  especially  related  to  the  predaceous  mode  of  life 
than  the  characters  of  the  molars.  The  compressed  trenchant 
form  of  the  crown  of  the  camassial  tooth,  for  example,  is  a  special 
peculiarity  of  the  Cats  and  a  few  allied  forms,  and  is  not  met  with 
in  any  of  the  carnivorous  Marsupials. 

Now,  to  the  above-described  type  of  dentition,  common  to  pla- 
cental and  marsupial  carnivores,  Thylaeoleo  presents  no  sort  of  an 
approximation :  its  lower  canines  are  absent,  its  upper  ones  rudi- 
mentary and  probably  functionless ;  its  central  incisors  in  both  jaws 
were  greatly  developed.  If  such  a  dental  machinery  is  of  the  most 
effective  type  for  predatory  life,  lions.  Tigers,  Hyaenas,  Wolves, 
Dasyures  and  Thylacines  must  all  be  ill-fitted  for  the  part  they  have 
to  play  in  nature's  great  arena. 

There  is  certainly  one  group  of  fiesh-eating  animals,  the  Shrews 
and  Hedgehogs,  in  which  the  type  of  dentition  characteristic  of  the 
true  camivora  is  widely  dep8a*ted  from,  the  development  of  the 
anterior  incisors  taking  place  at  the  expense  of  the  lateral  incisors 
and  canines ;  but  the  living  prey  of  all  these  animals  is  comparatively 
smaU,  feeble,  and  imresisting.  They  cannot  on  account  of  their 
habits  any  more  than  their  structure  be  regarded  as  typically  car- 
nivorous :  the  modus  operandi  of  the  Hedgehog  in  snapping  up  and 

♦  See  Phil.  Trans.  1867,  part  2,  p.  631,  "  On  the  Dertlopment  and  Succeasion 
of  the  teeth  in  the  Manupialia." 
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(U'vouiing  a  beetle  is  totally  different  from  that  of  a  cat  in  seizing 
and  killing  a  rat  or  a  rabbit ;  and  the  dental  structure  is  suited 
to  each  ca^e.  In  many  of  the  smaller  Dasyurcs,  as  well  as  in  some 
lii.'murs,  which  arc  more  ov  less  insectivorous  in  their  habit*,  there 
is  generally  a  tendency  to  enlargement  of  the  central  incisors. 

There  are  also  animtds  which,  belonging  to  groups  gcaierally 
l)hytoi)hagoiis,  and  with  teeth  eonstnicted  on  much  the  same  pattern 
as  the  rest,  may  on  occasions  be  more  or  less  predatory  and  carnivo- 
rous, as  in  tlie  well-known  case  of  the  llat,  among  lUwlents*.  But 
then,  how  inferior  is  the  development  of  these  qualities  in  such  an 
animal,  comjjared  witli  a  true  carnivore  of  corresjjonding  size  !  How 
mild  is  the  ferocity  and  destructive  power  t)f  the  most  predatory  of 
limits  compared  with  that  of  its  enemy  the  Ferret  I 

The  interpn^tation  of  the  function  of  the  hinder  teeth  of  Thyla^ 
col  CO  is  certainly  not  easy ;  as  a  herbivore  with  rudiment^irj'  true 
molars  is  almost  as  anomal.»us  as  a  carnivore  without  canines. 
There  is,  however,  no  reason  to  8Ui)poso  that  the  large  trenchant 
j)remolars  were  not  as  well  adjii)ted  for  chopping  up  succulent  roots 
and  vegetables  as  for  *'  dividing  the  nutritive  fibres "  of  animal 
prey. 

What  was  the  pnrticular  fonn  of  food  associated  with  the  most 
singular  dentition  of  Thiflacoho,  it  would  bo  hazardous  to  do  more 
than  conjecture.  As  the  llora  of  the  country'  in  which  this  strange 
animal  existed  has  ])robably  undergone  as  great  a  change  as  the 
fauna,  it  is  not  U7ilikely  that  the  material  upon  which  it  subsisted 
has  passed  away  with  the  creature  it^self.  It  may  have  been  some 
kind  of  root  or  bulb  ;  it  may  have  been  fruit ;  it  may  have  been  flesh. 
Ihit  the  hy[M)thesis  that  T/n/htco/co  was  the  destroyer  of  the  gigantic 
herbivorous  marsupials  (many  times  as  large  as  itself)  with  which  its 
remains  are  found  associated,  the  Diprotodons  and  the  Nototheres, 
appears  to  me  to  recjuire  more  proof  than  has  yet  been  adduced  in 
its  favour. 

What  th(?  remaining  portitms  of  this  interesting  animal  were  like, 
and  whether  its  hind  foot  w.is  constructed  upon  the  sjrndactylous 
typ<^  vnth  which  the  diprotodont  form  of  dentition  is  at  present 
always  associated,  remain  to  be  proved  by  the  result  of  further 
explorations  in  the  country  which  has  already  ^neldcd  so  rich  a 
harvest  of  palieontological  novelties.  That  the  Posttertiary  de- 
])osits  of  AustraUa  should  supply  forms  more  or  loss  allied  to  those 
now  inhabiting  the  same  land  is  only  what  might  be  ex]XJcted ; 
but  that  in  the  vastly  distant  ages  of  the  deposition  of  the  iSirbeck, 
or  still  older  Hha'tic  bodst,  mammals  should  have  existed  with 
teeth  constructed  on  the  same  or  a  closely  similar  and  equally 
sjiecialized  type  is  a  circumstance  of  much  wider  interest  to  the 

*  Tiio  faict  that  such  oxoeptions  occur  only  shows  the  CKution  that  should  be 
cxen'i9i*(l  in  positively  u!ui|;^in^  n  particular  mode  of  life  to  an  animal  wIkmo 
hnbita  arc  unknown.'  We  Ciinnot.  by  their  aid  justify  an  inforonce  which 
\n  ))r<»vod  to  U.'  at  variance  willi  tlie  larger  proportion  of  known  analof^iee. 

t  ••  On  the  DIfM'ovc'rv  of  a  now  Fossil  Mammal  in  the  Orcv  Marls  bi*neath  tlie 
Jk»ni>-U'd  '*  {//>//n^i/>rt/i/tfhtjtsi's  lihtrfwuA.  hv  W.  B.  Dnwkins.  Qtuirt.  Joum.  Geol. 
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geologist.  1  must  remark,  however,  that,  notwithstanding  the  re- 
semblances pointed  out  so  forcibly  by  Dr.  Falconer,  Hagiaulax 
appears  to  me  to  be,  on  the  whole,  ftither  removed  in  structure 
from  the  existing  forms  than  Thylacoleo ;  and  as  long  as  we  have 
not  the  evidence  that  its  cranium  and  upper  teeth  would  afford,  its 
affinities  must  be  regarded  as  less  definitely  det-ermined. 

PosTscRiPi. — Since  the  above  was  written,  my  attention  has  been 
called  to  some  remarks  "  On  the  Dentition  of  Thylacoleo  camxfex^  Ow.," 
by  Mr.  Gerard  Krefft,  the  able  Curator  of  the  Australian  Museum, 
Sydney,  in  the  Ann.  k,  Mag.  Nat.  Hist.  vol.  xviii.  ser.  3,  p.  148, 1866, 
in  which  he  gives  his  opinion  that  "  this  famous  marsupial  lion  was 
not  much  more  carnivorous  than  the  Phalangers  of  the  present 
time,"  and  adds  a  conjectural  restoration  of  the  then  unknown 
anterior  part  of  the  skull  and  incisor  teeth,  which  subsequent  dis- 
coveries have  in  great  measure  confirmed. 


2.  On  the  Thickness  of  the  Carboniferous  Hocks  of  the  Fendlb 
Range  of  Hills,  Lancashire,  as  illustrating  the  Authors  views 
regarding  the  "South-easterly  Attenuation  of  the  Carboni- 
ferous   SEDIMENTARr    StRATA   of   tlu    NoRTH   of    ENGLAND."      By 

Edward  Hull,  Esq.,  M.A.  (Dublin),  F.E.S.,  F.G.S.,  of  the  Geo- 
logical Survey  of  Scotland  *. 

In  the  following  paper  I  purpose  bringing  forward  some  new  facts 
recently  ascertained  in  the  district  of  Burnley  and  the  Pendle 
Range,  in  confirmation  of  certain  views  advanced  on  a  previous 
occasion,  regarding  the  relative  'distribution  of  the  "sedimentary" 
and  "  calcareous ''  strata  of  the  Carboniferous  series  in  the  North 
of  England.  These  views  are  published  in  the  Journal  of  this 
Society  t ;  and  as  introductory  to  the  matter  in  the  present  commu- 
nication I  must  ask  permission  very  briefly  to  recapitulate  them. 

In  the  paper  referred  to,  I  endeavoured  to  prove  that  to  the  north 
of  an  old  neck  of  land,  or  "barrier,"  which  stretched  across  the 
centre  of  England  from  Shropshire,  and  which  was  formed  of  Silu- 
rian and  Cambrian  rocks,  the  Carboniferous  strata  were  deposited 
originally  upon  the  following  plan : — On  the  one  hand,  the  calca- 
reous member  (the  Mountain-limestone)  attained  its  greatest  vor- 
tical development  along  the  northern  flanks  of  this  barrier  in 
Derbyshire,  and  thence  thinned  away  northward  and  westward, 
and,  as  had  been  long  since  pointed  out  by  older  geologists,  be- 
came intercalated  with  sandstones,  shales,  and  beds  of  coal  in  the 
North  of  England  and  Scotland,  where  it  appears  in  its  most  de- 
based and  attenuated  form;  on  the  other  hand,  the  sedimentary 
beds  of  sandstone,  shale,  &c.  were  deposited  in  greatest  force  towards 
the  north-west,  (Hminishing  in  thickness  towards  the  south-east  of 
England, — the  development  of  the  one  set  of  strata  being  in  the 
inverse  ratio  of  that  of  the  other. 

*  Communicated  with  the  consent  of  the  Director-General  of  the  G^logical 
Surrey.  t  Vol.  xviii.  p.  127. 
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This  plan  of  relative  distribution  was  illustrated  on  the  map  of 
the  country  by  a  series  of  lines  of  equal  thickness  (or  isometrie 
lines),  which,  I  venture  to  think,  renders  the  arrangement  of  the 
two  sets  of  strata  very  simple  and  intelligible. 

Confining  my  obser\'ation8  to  the  district  north  of  the  central 
"  barrier  "  of  Silurian  rocks,  and  tiiking,  as  examples  of  the  south- 
easterly attenuation  (or  thinning  out)  of  the  sedimentary  beds,  the 
cases  of  Leicestershire  and  South  Lancashire  as  ascertained  by  the 
carefully  measured  sections  of  the  Geological  Survey,  I  gave  the 
foUowing  results :—  n,icb.e«. 

Leicestershire    8100  feet. 

South  T^ncashiro 1 2800    „ 

This  augmentation  of  the  same  beds  in  Lancashire,  as  compared 
with  Leicestershire,  appeared  sufficiently  striking ;  but  subsequent 
investigations,  while  engaged  in  the  survey  of  the  district  fnrther 
north  ^ong  the  Pendle  llange  and  in  the  neighbourhood  of  Burnley 
and  Blackburn,  have  shown  me  that  it  falls  short  of  the  full  measure 
of  increase  by  several  thousand  feet  of  strata. 

For  some  years  past  the  geological  surveyors  have  been  autho- 
rized to  trace  cacli  separate  bed  of  gritstone  or  conglomerate  in  the 
Millstone  and  Yorcdalo  series  ;  and  these  are  represented  in  the  pub- 
lished maps  and  sections  by  distinctive  tints  and  patterns.  By  such 
means  alone  could  a  true  knowle<lge  and  representation  of  the 
structure  of  the  liower  Carboniferous  rocks  be  arrived  at ;  and  it 
is  only  after  having,  with  my  colleague  Mr.  Tiddeman,  traced  these 
beds  through  many  miles  of  eountr)-,  and  ascertained  their  true 
relations  to  each  other,  and  their  relative  and  absolute  thickness  by 
several  comparative  sections,  that  1  venture  to  give  publicity  to  the 
results  they  point  to.  The  details,  however,  of  these  sections  ore 
primarily  the  property  of  the  Geological  Survey,  and  are  to  appear 
in  due  course  in  the  Memoirs;  and  this  being  so,  I  must  claim 
some  amount  of  indulgence  during  the  intervfd,  and  offer  only  the 
gross  aggregate,  as  it  were,  preparatory  to  a  future  statement  of  the 
individual  thickness  of  the  beds.  I  can  venture  to  assert,  however, 
that  the  statement  I  now  make  will  not  be  found  far  from  the  truth 
when  the  balance-sheet  is  presented. 

I  have  made  three  transverse  scK^tions  for  the  purpose  of  ascer- 
taining the  thickness  of  the  Millstone-grit  scries,  with  the  following 
results : — 


thicknesB. 
5500  feet. 


Sections  of  the  AfiU stone- Grit  series,  Femlle  Ranye. 

Locality.  Thickness.        Mean 

1 .  Sabden,  near  Burnley 6500  ' 

2.  Whalley  Nab    5000 

3.  Snodworth,  near  Blackburn 5000 

As  the  Sabden  section  is  so  much  greater  than  the  other  two,  I 
do  not  feel  so  much  confidence  in  it ;  but  if  there  is  a  real  exagge- 
ration, it  is  reduced  by  taking  the  mean  of  the  three  thicknesses. 

The  results  above  stated  will  not  appear  unreasonable  when  it  is 
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known  that  the  Millstone  series  forms  a  range  of  hills  with  an 
average  breadth  of  a  mile  and  a  half,  in  which  the  beds  dip  at 
angles  varying  from  3CP  to  50°,  or  even  more.  The  Yoredale  series 
occupies  a  tract  of  country  nearly  as  broad,  with  the  addition  to  the 
thickness  derived  from  a  rise  in  the  ground  in  the  direction  of  the 
dip.  The  inclination  of  the  beds  is  nearly  as  great  as  that  of  the 
overlying  Millstone-grit  series. 

The  thickness  of  the  Yoredale  series  has  been  ascertained  with 
much  precision  by  my  colleague  Mr.  Tiddeman,  firom  very  clear  and 
continuous  sections  in  the  neighbourhood  of  Clitheroe.  Throughout 
the  whole  series  of  grits  and  shales,  there  occurs  only  350  feet  of 
limestone  and  occasional  thin  earthy  calcareous  bands.  The  thickness 
of  the  entire  series,  exclusive  of  the  limestone  above  referred  to,  is 
no  less  than  4675  feet.  If,  therefore,  we  add  to  this  the  Millstone- 
grit,  we  get  the  following  results : — 

Thickness  of  Millstone-grit  series   ....     5500  feet. 
Thickness  of  Yoredale  series 4675     „ 


Total 10175     „ 

In  order  to  ascertain  the  entire  development  of  the  Carboniferous 
series  in  this  district,  it  is  necessary  to  add  the  thickness  of  the 
Lower,  Middle,  and  Upper  Coal-measures.  Unfortunately  for  our 
purpose,  a  portion  of  tlie  Middle  and  the  whole  of  the  Upper  Coal- 
measures  are  absent  from  the  Burnley  district,  having  been  denuded 
off  from  that  area.  There  is,  however,  no  good  reason  for  sup- 
posing that  these  Upper  beds  were  not  originally  deposited  here, 
as  there  is  no  sensible  break  in  the  series  between  the  Middle  and 
Upper  Coal-measures  of  Lancashire.  I  think,  therefore,  I  shall  be 
entirely  justified  in  going  a  few  miles  to  the  southward,  where 
these  beds  occur,  and  adding  the  measure  of  their  thickness  to  that 
of  the  underlying  beds  at  Burnley.  Taking  the  thickness  as  fuUy 
ascertained  in  the  neighbourhood  of  Manchester*,  we  obtain  the 
following  grand  sum  for  the  Carboniferous  Bocks  in  Mid-Lancashire 
as  originally  deposited  : — 

Thickness  of  the  entire  sedvnentary  beds,  as  originally  deposited  in 

the  Burnley  district.  Thickness 

in  feet 
'Upper  Coal-measures. .  (Ardwick,  &c.). .     201 3 1 
Middle  „  . .  (part  at  Burnley)    4247 

Lower  „  . .  (Burnley) 2200 

Millstone-grit  series  .    (as  above) 5500 

Yoredale  series (as  above) 4676 


Coal-measures 


Total .   18635 

*  **  G^ologjr  of  the  Country  around  Oldham  and  Suburbs  of  Manchester," 
Mem.  QeoL  Surrey ;  also  Quart.  Joum.  Gteol.'Soc.  vol.  zviii.  p.  140.  The  thin- 
ness of  the  Coal-measures  there  given  is  7200  feet ;  but  this  does  not  include  the 
full  series  of  the  Upper  Measures  under  Manchester,  as  the  upper  limit  is  con- 
cealed beneath  the  Jrermian  formation. 

t  This  is  not  the  entire  thickness>  as  higher  beds  are  concealed  bjr  the  uncon- 
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80  thaty  in  round  numbers,  considering  that  We  nowhere  reach  the 
upper  limit  of  the  Coal-measures,  we  may  take  the  combiued  thick- 
ness of  the  sedimentary  materials  at  19,000  feet  as  originally  depo- 
sited in  this  part  of  England. 

We  have  now  to  compare  these  measurements  with  others  taken 
at  intervals  along  a  south-easterly  line,  or  along  the  direction  of 
attenuation,  Leicestershire  being  the  extreme  point  where  the 
comparison  can  be  made  in  the  case  of  the  Carboniferous  rocks. 
The  thickness  in  these  cases  are  also  taken  from  sections  of  the 
Geological  Survey — some  measured  by  Mr.  A.  H.  Green,  some  by 
myself  *. 

Comparative  vertical  sections  of  the  Carboniferous  strata  from 

North  Lancashire  to  Leicestershire. 

N.N.W.  S.S.E. 

Bumloy       Mottram        North        LeiooBter- 
district.        district.    Staffordshire,      shire. 

Coal-measures    8460  7635  6000  3000 

Millstone-grit  scries  . .      5500  2500  500  50 

Yoredale  series 4675         2000  2300  50 


18635       12135         8800         3100 

From  the  above  comparative  sections  it  will  be  observed  that  the 
beds  which  attained  so  prodigious  a  development  in  North  Lanca- 
shire dwindled  down  to  one-sixth  of  their  volume  in  Leicestershire, 
in  Central  Eagland,  near  which  place  the  Mountain-limestone  at- 
tains a  great  but  unknown  thickness  t. 

In  fact,  the  development  of  these  beds  in  North  Lancashire  has 
surpassed  that  of  the  contemporaneous  beds  of  South  Wales,  hitherto 
considered  to  present  the  largest  vertical  series  of  Carboniferous 
sedimentary  rocks  in  the  British  Isles ;  and,  as  far  as  we  know,  it 
is  only  exceeded  in  Europe  J  by  that  of  the  Coal-field  of  Rhenish 
Prussia,  where  the  beds,  according  to  the  estimate  of  Herr  von 
Dechen,  reach  a  thickness  of  over  20,000  feet.  Turning  to  the 
continent  of  America,  and  taking  the  series  of  Nova  Scotia  as  re- 
presenting the  maximum  accumulation  of  sedimentary  beds,  we  find 
that  it  is  exceeded  by  that  of  North  Lancashire,  though,  as  Dr.  Dawson 
has  shown,  the  section  is  incomplete,  and  scarcely  presents  a  fair 
point  of  comparison. 

Professor  Phillips,  in  his  *  Geology  of  Yorkshire,'  observes,  **  the 
thickness  and  purity  of  the  argillaceous  deposits  being  to  the  west, 

formable  overlap  of  the  Permian  and  Trias  at  Manchester,  as  shown  by  Mr.  £. 
W.  Binney,  F.IC.S.  See  "  Geology  of  the  Country  around  Oldham  and  ICan- 
chester/' 

*  Messrs.  Hull  and  Green  "  On  the  Millstone-grit  of  North  Staffordshire,*'  Ac, 
Quart  Joum.  Qeol.  Soc.  voL  xx.  p.  242  et  seq. 

t  At  least  4000  feet,  according  to  sections  which  I  lerelled  in  the  neighbour- 
hood of  Ashboum. 

X  After  reading  the  description  in  Sir  R.  Murchison*s  work  on  the  Qeology 
oftBuHsia,  I  was  under  the  impression  that  the  beds  in  the  ooAl-field  of  f£e 
BoneU  attain  a  greater  vertical  thickness ;  but,  from  some  statomenta  hy  Sir 
Roderick  himself,  I  fuund  my  opinion  was  incorrect. 


1868.]  HULL — LINES  OP  ELEVATION.  323 

and  the  same  qualities  belonging  to  the  gritstones  in  the  north,  we 
may  venture  to  suggest,  as  an  explanation,  the  entrance  of  two 
distinct  currents  or  primevsd  rivers,  one  on  the  west  bearing  sedi- 
ment from  tlie  surface  or  region  of  argillaceous  slate,  the  other  from 
the  north  bearing  almost  wholly  the  granular  detritus  of  regions 
abounding  in  gneiss  and  mica  slate  '**.  Though  this  distinction  in 
the  distiibution  of  the  clayey  and  sandy  members  of  the  formation 
is  doubtless  correct  in  its  application  to  Yorkshire,  I  doubt  if  it 
holds  good  with  reference  to  the  whole  of  the  north  and  centre  of 
England,  where  the  thinning  away  or  the  swelling  out  of  both  sets 
of  beds  seems  to  proceed  pari  passuf.  It  therefore  seems  to  me 
clear  that  we  must  attribute  the  source  of  the  sediment  generally  to 
one  and  the  same  primeval  Atiantis ;  and  this  view  is  strengthened 
by  the  fact  that  the  Carboniferous  sedimentary  strata  swell  out 
towards  the  north-east  of  America  on  the  shores  of  Nova  Scotia, 
and  tail  away  towards  the  south  and  west  of  that  continent. 


3.  Observations  on  the  Relative  Ages  of  the  Leadino  Physical  Fea- 
tures and  Lines  of  Elevation  of  the  Carbonifebous  District 
of  Lancashire  and  Yorkshire.  By  Edward  Hull,  Esq.,  M.A., 
F.ll.S.,  F.G.S.,  of  the  Geological  Survey  of  ScoUand^. 

The  approach  to  completion  of  the  Geological  Survey  of  South  and 
Mid-Lancashire  enables  me  to  draw  up  the  following  observations 
on  the  ages  of  its  physical  features.  This  district,  it  may  be  ob- 
served, lies  immediately  to  the  south-west  of  that  which  has  been 
so  faithfully  illustrated  by  Professor  Phillips  in  his  well-known 
*  Geology  of  Yorkshire.' 

The  most  prominent  feature  of  the  tract  now  to  be  considered  is 
Pendle  Hill  (1 831  feet) ;  and  as  this  hill  is  but  the  culminating 
point  of  a  long  range  of  parallel  escarpments,  physically  one,  stretch- 
ing through  a  distance  of  30  miles  from  W.S.W.  to  E.N.E.  in  Lan- 
cashire, and  continued  into  Yorkshire,  I  shall  take  the  liberty  of 
applying  the  term  "  Pendle  Range,"  to  the  whole  of  this  line  of 
hills. 

This  range  commences  at  Parbold  Hill,  near  Ormskirk,  on  the 
south-west,  takes  a  straight  course  into  Yorkshire  by  Hoghton  Tower, 
Blackburn,  and  Whalley,  and,  forming  the  south-easterly  side  of  the 
Vale  of  Clitheroe,  continues  its  course  towards  Ck)lne  and  Skipton. 
It  generally  consists  of  a  double  group  of  ridges,  often  rocky  and 
serried,  ranging  in  parallel  lines,  with  intervening  valleys. 

The  chain,  when  cut  through  transversely  near  its  centre,  presents 
in  structure  the  segment  of  a  great  arch  (see  fig.  1)  of  which  the 
axis  passes  by  Clitheroe,  and  along  which  the  Carboniferous  Lime- 

♦  ♦  Geology  of  Yorkshire,'  New  Edit.,  Part  2,  p.  188. 

t  For  iiL*ttaiice,  the  uppermont  bed  of  Millstone-grit,  or  the  Bough  Book, 
reaches  a  thiclmees  of  about  450  feet  at  Hoghton  Towers,  near  Blackburn,  one 
of  the  most  westerly jpointB  to  which  we  can  trace  it ;  while  its  average  thickness 
is  about  100  or  150  feet. 

X  Communicated  with  the  consent  of  the  Director-General. 
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stone  reaches  the  surface.  This  axis  may  be  traced  from  the  banks 
of  the  river  Darwen,  near  Eoach  Bridge,  through  Mellor,  Clitheroe, 
by  Skipton  and  Bolton  Abbey  into  Enaresborough  Forest,  as  indi- 
cated in  Professor  Phillips's  Map  of  Yorkshire*.  Pendle  Hill  is  in 
reality  the  southern  segment  of  the  arch. 

North  of  the  Clitheroe  arch,  there  are  at  least  two  other  lines  of 
elevation,  with  corresponding  troughs,  also  indicated  by  Professor 
PhiUips,  and  recently  surveyed  in  detail  by  my  colleague,  Mr.  Tidde- 
man,  to  which  ho  gives  the  names  of  "  the  Slaidbum,'*  and  "  the 
Sykes  anticlinals,"  the  intervening  synclinal  being  formed  by  Long- 
ridge  Fell. 

To  the  south  of  the  Pendle  Range  there  is  a  wide  trough,  giving 
origin  to  the  Burnley  Coal-basin  t.  The  northern  side  of  this  trough 
is  formed  by  the  Pendle  range  itself;  and  the  axis  passes  through 
Blackburn,  Clayton-le-Moors,  Gawthorpe  Park,  and  Marsden,  in  a 
general  direction  from  W.S.W.  to  E.N.E. 

The  southern  side  of  this  basin  is  formed  by  the  uprising  of  the 
Millstone-grit  along  a  very  flat  arch,  which  divides  the  Coal-mea- 
sures of  the  Burnley  and  Blackburn  trough  from  those  of  the  main 
coal-fleld  of  South  Lancashire.  As  the  centre  of  this  arch  passes 
through  Anglezark  Moor,  and  through  the  ancient  Forest  of  Eossen- 
dale,  in  an  E.N.E.  direction,  along  which  line  the  strata  are  nearly 
horizontal,  I  propose  calling  it  "  the  Rossendale  Anticlinal "  (see 
figs.  1  &;  2).  To  the  south  of  this  arch  the  beds  roll  over  and  dip 
under  the  South-Lancashire  coal-fleld,  which,  sets  in  by  Bivington, 
Bolton-le-Moors,  Bury,  and  Eochdale.  The  general  arrangement  of 
these  flexures  will  be  understood  by  reference  to  the  diagrammatic 
plan  (fig.  2,  p.  326). 

Thus  we  see  that  the  Carboniferous  strata  of  this  part  of  Lanca- 
shire were  originally  forced  into  a  series  of  foldings  along  lines 
ranging  a  little  north  of  east,  and  south  of  west,  by  the  exertion  (it 
may  be  supposed)  of  lateral  pressure,  which  seems  to  have  produced 
its  most  powerfiil  effects  along  the  line  of  the  Pendle  range.  The 
uprising  of  the  beds  along  the  low  arch  of  Rossendale  can  only  be 
regarded,  as  it  were,  as  the  swell  from  the  distant  wave  J.  These 
several  flexures  are  expressed  in  the  diagram-section  (fig.  1),  details 
being  omitted. 

In  considering  this  section,  the  physical  geologist  will  not  fail  to 
observe  how  the  valleys  lie  in  the  lines  of  the  stratigraphical  hills 
or  arches,  and  the  hills  in  the  lines  of  the  stratigraphical  yalleys, 
or  troughs,  the  only  exception  being  the  Burnley  Basin.  The  flex- 
ures are  somewhat  disarranged  in  places  by  transverse  faults,  but  on 
the  whole  are  well  defined. 

Oeolcgical  age  of  the  flexures. — The  next  point  to  be  determined 
is  the  geological  age  of  these  flexures ;  and  fortunately  for  our  purpose 

*  '  Geology  of  Yorkshire.' 

t  The  position  of  the  Burnley  Coal-baiin,  lying  between  Pendle  and  Boule- 
worth  HillB,  is  diown  on  the  section  aooompanyinff  Conybeare  and  Phillips's 
*  Outlines  of  the  Oeolo^of  England  and  Wales,'  18^. 

\  Along  the  Yale  ofClitheroe,  not  only  are  the  beds  inclined  at  high  angles, 
but  they  are  highly  contorted. 
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the  evidence  is  clear,  and  may  be  considered  conclusive.  It  can  be 
shown  that  they  are  the  cfFects  of  the  earliest  of  tlu  thre^  eonsecutii'e 
perioih  of  disturbance,  to  which  all  the  priiicipal  Jleamres  afid  faults 
of  the  district  may  he  referred. 

Fig.  2, — Diagram  of  Flexures,  Mid-Lancashire, 
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If  we  glance  at  a  map  of  Yorkshire  on  which  the  flexures  to  the 
North  of  the  Yorkshire  coal-field  are  laid  down*,  we  find  that  thoee  of 
the  IViidle  range  are  but  the  extension  of  others  in  the  region  to  the 
east :  and  I  have  already  remarked  that  the  Clitheroe  anticlinal  ia 
continuous  with  that  which  ranges  by  Skipton  into  the  Forest  of 
Knaresborough.  The  uprising  of  the  Millstone  and  Yoredale  serieSy 
along  the  northern  margin  of  the  Yorkshire  coal-field,  can  only  be 
regarded  as  a  result  of  the  same  movements  which  have  originated 
the  fiexures  in  the  Clitheroe  and  Pendle  districts  of  Mid-Lancashire ; 
and  as  the  Permian  beds  pass  across  denuded  edges  of  the  Carboni- 
ferous rocks,  the  fiexures  by  which  they  are  influenced  are  oonse- 
quently  anterior  to  the  Permian  period.  This  is,  of  course,  a  fact 
long  since  established ;  but  it  is  necessary  to  my  aigoment  to  repeat 
*  I  refer  |>urticularlT  to  Phillips'i  map  in  the  *  Geology  of  TorUiire.' 
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it  here,  because  it  shows,  by  reasoning  backwards,  tliat  the  Lancashire 
flexures  are  also  anterior  to  the  Permian  period. 

But,  besides  this  indirect,  there  is  also  direct  evidence  of  the  ago 
of  the  flexures  in  Lancashire.  At  several  points  along  the  northern 
flanks  of  the  Pendle  range,  we  find  patches  of  more  recent  strata, 
resting  on  the  denuded  edges  of  the  Carboniferous  rocks.  Some  of 
these  may  be  of  Triassic  age;  but,  beyond  question,  others  are  refer- 
able to  the  Permian  age,  such  as  the  red  sandstones  and  magnesian 
limestones  of  Skillaw  Clough  and  Bcntley  Brook,  near  Bispham,  de- 
scribed by  myself  in  one  of  the  memoirs  of  the  Geological  Survey  *. 
These  Permian  beds  rest  on  others  belonging  to  the  Millstone-grit 
series,  near  the  south-western  termination  of  the  Pendle  range  of 
hills.  Now,  from  the  known  thickness  of  the  Carboniferous  series 
in  this  part  of  Lancashire,  we  may  calculate  approximately  tho* 
amount  of  denudation  before  the  deposition  of  the  Permian  strata ; 
for  as  these  latter  rest  on  the  lower  beds  of  the  Millstone-grit,  and 
as  there  does  not  appear  to  be  any  material  break  in  the  succession 
of  the  Carboniferous  strata,  it  is  clear  that  there  must  have  been 
swept  away  part  of  the  Millstone-grit  series,  and  the  whole  of  the 
Lower,  Middle,  and  Upper  Coal-measures,  amounting  to  nearly 
10,000  feet  of  strata,  which  may  be  classified  as  follows : — 

feet 

Upper,  Middle,  and  Lower  Coal-measures 8400 

Millstone-grit  series  (in  part  only) 1500 

Total  quantity  denuded    • 9900 

The  above  seems  a  large  estimate,  but  it  is  not  overdrawn ;  and 
it  will  be  recollected  that  in  my  former  paper,  on  the  thickness  of 
the  Carboniferous  rocks  in  Lancashire,  I  have  given  the  details  of  the 
above  measurements.  The  following  ideal  section  (fig.  3),  showing 
the  relative  position  of  the  Permian  and  Carboniferous  beds  at  Par- 
bold  Hill,  will  render  my  observations  more  plain. 

It  will  be  observed  that  at  the  foot  of  Parbold  Hill  the  Permian 
beds  of  Skillaw  Clough  rest  on  the  denuded  edges  of  the  Millstone 
series,  but  arc  again  found  resting  unconformably  on  the  Upper 
Coal-measures  south  of  the  Wigan  coal-field.  It  is  clear  there- 
fore that  the  whole  of  tlieso  Coal-measures,  together  with  part  of 
the  Millstone  series,  amounting  to  several  thousand  feet,  have  been 
swept  away  previously  to  the  deposition  of  the  Permian  beds  along 
the  northern  boundary  of  the  coal-field.  This  uprising  of  the  Mill- 
stone-grit at  Parbold  Hill  is  merely  the  prolongation  of  the  Pendlo 
range,  as  stated  above  (p.  323). 

With  the  proof  afforded  by  the  Permian  beds  at  Bispham  of  the 
age  of  the  upheaval  and  denudation  of  the  Carboniferous  llocks  at 
Parbold  Hill,  at  tlie  extreme  west  of  the  ^Pendle  range,  and  with 
the  evidence  of  the  Permian  beds  of  Yorlcshire  at  the  opposite  end, 
it  is  of  little  importance  to  my  purpose  what  may  be  the  ages  of 

»  *  Geology  of  Wigan/  2nd  edit.    (^Ir.  Blnney,  F.R.S.,  fully  admits  these 
beds  to  be  of  Permian  age.) 
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seTeral  disconnected  patches  of  newer  formationB,  which  are  found  at 
intervals  resting  on  Lower  Carboniferous  rocks.  I  shall  not,  there- 
fore, stop  to  discuss  the  age  of  the  sand- 
stones of  Koach  Bridge,  near  Blackburn 
(which,  Mr.  Binney,  F.E.S.,  conaiders, 
probably  belong  to  the  Permian  aeries*), 
nor  of  the  sandstones  of  Low  Moor, 
near  Clitheroe  (which  will  properly  form 
the  subject  of  a  future  memoir  of  the 
Geological  Hurvey).  I  shall  only  aasume 
them  to  be  either  of  Permian  or  Triaaaic 
age,  a  fact  which  is  beyond  controTemy, 
for  the  purpose  of  offering  another  illus- 
tration of  the  enormous  denudations  which 
have  taken  place  before  the  Triasaic,  and 
probably  before  the  Permian  period,  in  the 
Yale  of  Clitheroe,  at  the  base  of  the  Pendle 
Range  of  Hills  f. 

Kef  erring  to  my  former  paper  ^  for  the 
thickness  of  the  Carboniferous  series  at 
this  place,  and  premising  that  the  red 
sandstones  of  Low  Moor  rest  on  the  con- 
torted edges  of  the  Carboniferous  Lime- 
stone beds,  it  is  clear  that  the  amount 
of  strata  denuded  at  this  place  is  that  of 
the  Coal-measures,  Millstone  and  Toredale 
series,  and  part  of  the  limestone  itself,  as 
foUows : — 

Upper,  Middle,  and  Lower  Coal-  '  ^^^ 

measures 8460 

Millstone-grit  series 5500 

Yoredale  series 5000 

Carboniferous  limestone  (in  part)  250 
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or  nearly  20,000  feet  vertical  of  strata,  an 
amount  of  materials  at  the  waste  of  whidi 
one  feels  as  much  astonishment  as  at  the 
gathering  together  of  it.  And  if  (as  is 
most  probable)  this  denudation  took  place 


*  "  Farther  obeerratioiiB  on  the  Permiaa  sad 

Triasfiic  strata,"  &c.,  Mem.  lit  and  PhiL  8oc. 

Manchester,  toI.  iii.  3rd  series. 
^  t  I  regret  not  being  at  liberty  to  giTe  a  fulkr 

9  ji  account  of  the  Low-Moor  sandstones,  which  wen 
I J  formerly  regarded  as  Carboniferoos,  but  hars 
\       been  determined  by  Mr.  Tiddeman  and  mjsalf  to 

be  of  later  age.    A  fuU  account  will  be  giTOi  in 

a  future  memoir. 
X  **  On  the  thickuen  of  the  Carboniferous  rocks  of  the  PendleBaog^''«i(^,p.821. 
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in  the  interval  between  the  Carboniferous  and  Permian  periods,  it 
cannot  foil  to  impress  ns  with  some  idea  of  the  prodigious  lapse  of 
time  necessary  for  the  accomplishment  of  such  a  result — a  lapse  of 
time,  it  may  be  remarked,  which  is  not  represented  by  any  known 
group  of  rocks.  Here,  indeed,  is  a  blank  in  the  '  Geological  Eecord ' 
waiting  to  be  filled  up. 

Along  the  southern  margin  of  the  Lancashire  coal-field  we  have 
examples  of  Permian  strata  resting  unconformably  on  Carboniferous, 
as  Mr.  Binney,  F.E.S.,  has  clearly  shown;  but  the  amount  of 
denudation  there  is  inconsiderable  as  compared  with  that  along  the 
northern  flanks  of  the  Pendle  range. 

I  regard  it,  therefore,  as  proved  that  the  northern  limits  of  the 
Lancashire  and  Yorkshire  coal-fields  were  determined  before  the 
Permian  period,  and  at  a  time  when  both  these  coal-fields  were  still 
united ;  for,  as  I  shall  presently  endeavour  to  show,  the  uprising  of  the 
Pennine  chain  did  not  take  place  till  a  later  period,  namely,  after  the 
close  of  the  Permian.  Li  this  case  the  Pendle  range,  together  with 
all  those  lines  of  flexure  ranging  across  the  north  of  England,  take 
rank  in  time  next  to  the  North-Wales,  Chamwood-Forest,  and  Cum- 
brian groups  of  hills.  I  shall  now  proceed  to  discuss  the  question  of 
the  age  of  the  Pennine  chain. 

Age  of  the  Pennhie  Chain, — At  the  time  when  Conybeare  and 
Phillips*  applied  this  term  to  the  central  range  of  hills  which  extend 
in  a  north-to-south  direction  from  the  borders  of  Scotland  to  the 
banks  of  the  Trent  in  Derbyshire,  no  distinction  had  been  attempted 
between  the  Permian  and  Triassic  formations.  Now  that  we  are 
aware  of  the  relations  and  important  diffbrenccs  between  these  two 
groups  of  rocks,  it  is  time  to  inquire  to  what  period,  whether  that 
before  or  that  following  the  Permian,  the  uprising  of  the  Pennine 
range  is  to  be  referred ;  and,  as  far  as  I  have  been  able  to  ascertain, 
the  attempt  has  not  yet  been  made. 

It  is  indeed  imiversally  admitted  that  the  upheaval  of  the  rocks  of 
the  Pennine  chain  and  their  subsequent  denudation  are  of  older  date 
than  the  Trias,  since  the  beds  of  this  latter  formation  overlap  the 
highly  inclined  Lower  Carboniferous  strata  all  along  the  southern 
extremity  of  the  Derbyshire  hills ;  but  the  relations  of  these  Carboni- 
ferous beds  to  those  of  the  Permian  stage  are  not  so  apparent,  and 
require  special  investigation. 

With  this  object  in  view,  it  is  necessary  to  trace  the  course  of  the 
axis  of  upheaval  of  the  Pennine  chain  as  it  occurs  in  Lancashire, 
Cheshire,  and  Staffordshire,  which  will  only  require  short  notice  here, 
as  my  colleague,  Mr.  A.  H.  Green,  and  myself  have  described  its  course 
and  effects  on  a  former  occasion  in  the  Journal  of  the  Geological 
Society  t.     We  have  traced  this  line  of  fracture  from  the  neighbour- 

^  '  Outlines  of  the  Geology  of  England  and  Wales.*  The  authors  adopted 
this  term  from  the  Boman  name  supposed  to  have  been  applied  to  this  range  of 
hills. 

t  E.  Hull  and  A.  H.  Green  "  On  the  Millstone-grit,"  Ac,  Quart  Joum.  QeoL 
Soc.  vol.  XX.  1864 ;  also  "  Geolosy  of  the  country  around  Stockport,  Maodeefleld, 
&o./'  Mem.  Geological  Survey,  j^  the  same  autoors. 
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hood  of  Colne  on  the  north  to  Leek  and  Wetley  on  the  sonth,  a  dis- 
tance of  55  miles ;  and  in  the  memoir  above  referred  to  have  termed 
it  "  the  anticlinal  fault,"  because  it  is  nearly  everyvhero  aocom- 
panied  by  a  reversal  of  the  dip. 

Commencing  on  the  north  at  Colne,  "  the  anticlinal  fault "  tra- 
yerses  the  western  slopes  of  Boulsworth  and  Black  Hambledon ; 
crossing  the  Yale  of  Todmorden,  it  follows  the  margin  of  the  high 
moorlands  of  West  Yorkshire,  throwing  off  the  Millstone  and  Yore- 
dale  beds  to  the  cost  and  to  the  west.  It  then  passes  along  the 
western  base  of  Blackstone  Edge,  and  follows  the  centre  of  Saddle- 
worth  Valley,  and  the  moorland  slopes  east  of  Staleybridge,  to  Hairop 
Edge,  accompanied  by  a  sharp  reversal  of  the  dip.  From  this  point 
it  continues  its  course  by  Compstall,  Disley,  and  along  the  anticlinal 
axis  of  Saltersford  Valley,  onward  to  Leek  in  Staffordshire ;  and  here 
it  passes  below  undisturbed  beds  of^the  New  lied  Sandstone,  which 
lie  in  the  centre  of  an  old  palaeozoic  trough.  To  the  southward  of 
this  outlier  it  reappears,  passing  along  the  vertical  beds  of  "  Wetley 
rocks,"  and  ultimately  forms  a  junction  with  another  fault,  which 
traverses  both  Carboniferous  and  Triassic  beds. 

Now  here  we  have  the  curious  case  of  the  same  fault  passing 
below  the  beds  of  the  New  lied  Sandstone  at  one  point  without  frac- 
turing them,  and  coalescing  with  another  fault  which  does  fracture 
the  beds  of  this  formation.  It  would  therefore  appear  as  if  the  an- 
ticlinal fault  was  of  two  periods.  I  wish  to  draw  special  attention 
to  this  fact,  because  it  is  necessary  to  my  argument. 

The  position  and  relations  of  the  anticlinal  fault  with  reference  to 
the  New  lied  Sandstone  at  Leek  show  that  the  primary  and  main 
fracture,  and  the  great  upheaval  of  the  rocks  of  the  Pennine  chain 
which  accompanied  it,  was  of  older  date  than  that  formation ;  but 
now  we  must  endeavour  to  ascertain  its  relation  to  the  Permian  beds. 

Throughout  a  great  part  of  its  course  from  Staleybridge  southward, 
the  anticlinal  fault  is  accompanied  by  several  parallel  fractures  and 
foldings  of  the  strata,  such  as  the  weU-known  Goyt  trough  of  Farey. 
These  foldings  are  all  closely  connected,  both  by  parallelism  and  other 
circumstances,  with  the  anticlinal  fault,  which  may  be  regarded  as 
the  axis  of  disturbance  of  the  whole*.  Amongst  these  parallel  lines 
of  disturbance,  ranging  from  north  to  south,  is  the  "  Ked-Bock  fault " 
— an  important  fracture — forming  the  boundary  between  the  Car- 
boniferous and  more  recent  formations,  from  Bredbury  and  Poynton, 
in  Cheshire,  southward  for  several  miles.  East  of  Stockport  this 
faiilt  is  a  downthrow  of  the  Permian  sandstone  against  the  Carboni- 
ferous beds,  and  is  therefore  clearly  of  later  date  than  the  Permian  for- 
mation itself;  and  if  I  am  justified  in  assuming  that  the  **  Bed-Bock 
fault "  is  contemporary  with  "  the  anticlinal  fault,"  it  is  dear,  by 
implication,  that  '<  the  anticlinal  fault "  is  also  of  later  date  than  the 
Permian  formation. 

An  objection  to  the  view  of  the  prae-Triassic  age  of  the  "  Bed-Bock 

*  Sectiona  illuBtratiug  the  relations  of  these  flexures  will  be  found  in  thepi^per 
above  quoted,  by  Mr.  Green  and  mysolf,  in  the  Journal  of  the  Society,  toL 
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fault "  hero  presents  itself;  for  this  "  fault  "  not  only  dislocates  tho 
Permian  strata,  but  those  of  the  New  Red  Sandstone  also,  near  Mac- 
clesfield and  Congleton  ;  and  it  might  hence  be  inferred  that  the  fault 
is  of  later  date  than  both  of  these  formations.  My  answer  to  this 
objection  is  that  there  have  been  two  periods  of  vertical  movement 
along  the  line  of  tho  fault — one  before  the  Triassic  period,  another 
after.  Such  cases  (where  tho  demonstration  is  perfect)  are  not  un- 
known, and  I  can  point  to  that  of  tho  boundary  fault  of  the  Coleorton 
coal-field  in  Leicestershire,  along  which  there  have  been  two  distinct 
vertical  movements  in  opposite  directions,  in  post-Carboniferous  and 
post-Triassic  times.  I  have  also  already  referred  to  the  case  of  the 
**  anticlinal  fault  "  at  its  southern  extremity  and  at  Leek  as  a  case 
of  a  double  vertical  movement. 

The  objection,  therefore,  which  might  be  urged  against  the  view  of 
identity  in  age  of  the  "  Red-Rock  "  and  "  anticlinal "  faults,  owing 
to  the  displacement  by  the  former  of  beds  of  Tiiassic  age,  seems  to 
me  to  fall  to  the  ground.  Their  parallelism  and  evident  connex- 
ion with  the  system  of  flexures  which  range  in  north  and  south 
lines  seem  to  me  to  point  to  identity  of  age,  from  which  I  draw 
the  conclusion  that  the  age  of  the  "  anticlinal "  fault  and  of  the 
upheaval  of  the  Pennine  chain  is  that  which  intervened  between 
the  close  of  the  Permian  and  the  Commencement  of  tho  Trias — 
in  other  words,  that  it  belongs  to  that  period  of  general  strati- 
graphical  disturbance  which  marked  the  close  of  the  Palaeozoic  age. 

This  is  a  conclusion,  indeed,  which  has  often  been  assimied,  but 
it  is  not  by  any  means  so  easily  proved. 

If,  then,  my  reasoning  be  admitted,  it  follows  that  the  Pendlo 
range  and  the  Pennine  range  belong  to  two  entirely  different  lines 
of  disturbance — different  in  direction,  different  in  age — the  former 
being  referable  to  the  close  of  the  Carboniferous,  tho  latter  to 
the  close  of  the  Permian  age.  To  these  two  periods  Professor 
Sedgwick  refers  the  Craven  and  Pennine  faults  of  Yorkshire ;  and 
looking  at  the  parallelism  in  direction  of  tho  great  fault  which 
forms  the  boundary  between  the  Carboniferous  and  Silurian  rocks 
of  the  central  valley  of  Scotland  with  that  of  the  Pendle  range, 
it  seems  highly  probable  that  this  great  depression  is  also  refer- 
able to  the  close  of  the  Carboniferous  period*. 

To  recapitulate  in  a  few  words — it  appears,  then,  that  immediately 
upon  the  close  of  the  Carboniferous  period  the  northern  limits  of  the 
Lancashire  and  Yorkshire  coal-fields  were  determined  by  the  upheaval 
and  denudation  of  the  beds  along  east  and  west  lines,  while  the  coal- 
fields themselves  remained  in  their  original  continuity  across  the 
region  now  formed  of  the  Pennine  hills  from  Skipton  southwards,  and 
that  at  the  close  of  the  Permian  period  these  coal-fields  were  dis- 
severed by  the  uprising  of  the  area  now  formed  of  the  Pennine  range 
by  lines  of  upheaval  ranging  from  north  to  south,  nearly  at  right 
angles  to  the  former — this  perpendicularity  being  of  itself  an  evidence 
of  difference  of  age. 

*  This  greftt  fracture  has  been  traced  by  my  colleagues  of  the  Geological  Sar?ey 
of  Scotland  for  many  miles  along  the  southern  boundary  of  the  coal-fields. 
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In  the  foregoing  remarks  I  hare  assmned  that  the  coal-fiddB  of 
Lancashire  and  Yorkshire  were  originally  united  right  across  the  area 
now  occupied  hj  the  Millstone-grit  and  Yoredale  rocks  of  the 
Pennine  chain.  That  this  was  the  case  is  ahundantlj  proved  by 
the  similarity  (approximating  to  identity)  of  the  strata  of  the  Mill- 
stone-gn^t  scries  and  lower  Coal-measures  on  the  opposite  sides  of 
the  chain.  This  resemblance,  and  the  identity  of  special  coal- 
seams,  has  long  since  been  pointed  out  by  Professor  Phillips,  Hr. 
E.  W.  Binney,  and  Mr.  Warington  Smyth*. 

System  of  North-west  Faults. — Of  later  date,  still,  were  those  dis- 
turbances which  resulted  in  the  production  of  faults  and  fractures 
traversing  the  Lancashire  coal-fields  from  N.N.W.  to  S.S.E.,  and 
dislocating  tho  strata  to  an  extent  amounting,  in  some  eases,  to  more 
than  1000  yards. 

Some  of  these  fractures  can  be  traced  into  Permian  and  Upper 
Triassic  strata — ^for  example,  the  New  Bed  Marl  of  the  Che^ire 
plain. 

As  these  fractures  are  of  more  recent  date  than  the  Trias,  we 
must  descend,  in  all  probability,  to  the  close  of  the  Oolitio  or 
Jurassic  period  before  we  can  arrive  at  the  time  of  their  produc- 
tion ;  for  there  seems  to  bo  no  break  in  the  sequence  of  &e  Tri- 
assic and  Jurassic  formations  after  passing  the  Hue  of  discordance 
which  marks  the  boundaries  of  the  Eeuper  and  Bunter  divisions  of 
the  Trias. 

We  shall  probably  not  err  if  we  assign  these  fractures  to  disturb- 
ances which  occurred  at  the  close  of  the  Jurassic  agc^  at  the  same 
time  admitting  that  they  may  have  been  modified  at  later  times. 

To  sum  up— it  seems  probable,  then,  that  the  main  lines  of  dis- 
turbance may  be  assigned  to  three  distinct  periods : — 

1st  and  earliest  (Pendle  system),  E.N.E.  direction,  at  the  close 
of  the  Carboniferous  period. 

2nd,  next  (Pennine  system),  N.  and  S.  direction  (nearly),  at  the 
close  of  the  Permian  period. 

drd  and  latest  (lines  of  fracture),  N.N.W.  direction,  at  the  dose 
of  the  Jurassic  period. 

These  may  also  be  expressed  by  means  of  a  triangle,  the  sidss  of 
which  arc  parallel  to  the  direction  of  the  forces  (fig.  4). 

7  Fig.  4. — Showing  tht  relntive  ages  and  dtrectums 

^      of  the  three  principal  systems  of  disturhamu 

S      afttr  the  Carboniferous  Period, 
ft' 
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Periods  of  DEinrDATioN. 

First  Period, — Having  shown,  by  tho  evidence  of  the  imconforma-< 
bio  patches  of  Permian  beds  on  the  northern  flanks  of  the  Pendlo 
range  agreeing  with  the  position  of  the  contemporaneous  beds  in 
Yorkshire,  that  the  Pendle  range  had  received  its  earliest  outline 
at  the  commencement  of  the  Permian  period  by  tho  sweeping  away 
of  a  prodigious  amount  of  material  to  the  north  of  the  range,  we 
cannot  suppose  that  this  was  a  solitary  case.  On  the  contrary,  it 
is  evident  that  the  main  features  of  the  Carboniferous  districts  of 
North  Lancashire  and  the  North  "Riding  were  first  shadowed  forth 
at  this  same  time. 

This  leads  me  to  remark  also  that  it  is  extremely  improbable 
that  productive  Coal-measures  exist  under  that  tract  of  Triassio 
and  drift-covered  ground  stretching  inland  from  the  coast  to  Orms- 
kirk  and  Blackpool ;  for  it  can  scarcely  be  doubted  that  the  Carboni- 
ferous rocks  under  this  tract  were  subjected  to  the  same  disturb- 
ances, and  partook  of  a  similar  denudation  to  that  which  resulted 
in  carrying  away  the  Upper  Carboniferous  rocks  from  tho  vale  of 
Clitheroe. 

If,  then,  there  was  a  period  of  disturbance  throwing  the  rock- 
masses  into  a  scries  of  great  folds,  ranging  from  east  to  west  across 
North  Lancashire  and  Yorkshire,  there  was  a  corresponding  and 
concurrent  period  of  denudution,  during  which  enormous  masses  of 
Carboniferous  strata  were  swept  away  from  these  regions.  These 
flexures  died  away  southward,  in  which  direction  the  corresponding 
amount  of  denudation  was  very  much  less,  as  is  proved  by  the 
position  of  the  Permian  beds  along  the  southern  margin  of  the 
Lancashire  coal-field.  As  the  first  movements  of  the  Pennine  sys- 
tem of  flexures  had  not  as  yet  commenced,  we  may  suppose  that 
whatever  undulations  may  have  been  produced  over  the  region  now 
occupied  by  the  high  ranges  of  Black  Hambledon,  Blackstono  Edge, 
Pule  Hill,  Kinder  Scout,  and  the  Derbyshire  hills  took  an  east 
and  west  direction,  and  were  of  minor  importance  in  comparison 
with  those  which  had  been  developed  over  North  Lancashire  and 
Yorkshire. 

Second  Period, — ^With  the  close  of  tho  Permian  epoch  commenced 
the  movements  which  ultimately  gave  birth  to  the  Pennine  chain  of 
hills,  and  which,  by  the  denudation  of  tho  Upper  Carboniferous 
rocks  across  the  region  of  the  central  axis,  caused  the  disseverance 
of  the  Lancashire  and  Cheshire  coal-fields  from  those  of  Yorkshire 
and  Derbyshire.  To  what  extent  these  ranges  of  hills  were  subse- 
quently entombed  in  Triassic  strata  is  a  speculative  but  interesting 
question.  Recollecting  the  enormous  vertical  development  of  this 
formation  in  South  Lancashire  and  Cheshire,  amounting  to  nearly 
4000  feet  of  strata,  we  may  conclude  that  the  Pennine  and  Pendle 
hills  were  encased  in  these  red  beds,  and  that  to  this  protection  they 
owe,  to  a  certain  extent,  their  preservation. 

Third  Period. — ^The  third  period  of  denudation  was  that  which  oc- 
curred after  the  Bunter  Sandstone  had  been  formed,  and  is  represented 
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in  Europe  by  tlie  period  of  the  Miischclkalk.  The  amount  of  material 
swei)t  away  in  Laneashire  at  this  perio<l  was  probably  not  great; 
but  of  the  fact  itself  there  is  the  most  positive  evidence,  as  the 
basement-beds  of  the  KeujxT  rest  unconfomiably  on  an  eroded  sur- 
face of  the  Bunter  Sandstone  at  Ormskirk,  Liverpool,  and  Birken- 
head. 

Fourth  Period. — The  long  ngcs  of  subsidence  and  submergence  of 
the  Ked  ^Nfarl,  Lias,  nnd  the  Jurassic  groups  elapsed,  to  the  close  of 
which,  as  it  ^sceras  to  me,  we  must  refer  the  system  of  north- 
westerly faults  which  traverse  the  Carboniferous,  Permian,  and 
Triassic  formations.  Along  with  the  production  of  these  fractures, 
which  displaced  the  strata  to  the  extent  of  30U0  or  4000  feet  in 
some  jdaces,  there  must  have  been  a  corresponding  amount  of  carn'- 
ing  away  of  materials.  The  result  of  this,  and  probably  of  other  more 
recent  denudations,  has  l)een  almost  to  obliterate  all  surface  indica- 
tions of  these  enormous  vertical  displacements,  as  in  the  case  of  the 
great  Irwell-valley  fault.  In  other  cases,  where  the  features  of 
the  ground  do  liai)pen  to  indicate  the  lines  of  fracture,  as  in  the 
case  of  tlie  U])-Holland  fault,  it  is  only  to  the  extent  of  a  few  hun- 
dred feci,  wliile  tlie  displacement  of  the  beds  may  amount  to  as  many 
thousands. 

Fifth  Prvintl. — Tln^  next  period  of  denudation  of  which  we  have 
any  evidiiicc*  in  this  part  of  the  country  was  that  immediately 
anteci'dcnt  to  thr  period  of  the  Lower  Boidder-clay,  or  Till.  In 
this  instance  there  was  probably  a  combination  of  ice-action,  sea- 
acticm,  and  rain-  and  river-action,  as  the  rocks  at  Liverpool,  Ilor- 
wieh,  Whalley,  Clitlieroe,  &o,  altbrd  evidence  of  glaciation  below 
the  Boulder-clay.  To  this  period  many  of  the  primary  valleys  and 
other  features  of  the  surface  are  to  be  referred. 

^iyi.rth  Ft  rio(f. — The  l)eds  of  sand  and  gravel  which  lie  between 
the  Lower  and  Ui>per  Boulder-clays  afford  most  clear  cridence  of 
extensive  erosion  and  denudation  before  the  deposition  of  the  Upper 
Till  upon  them,  as  1  have  shown  in  my  papers  on  the  drift-deposits  of 
Laneashire  and  Cheshire.  To  what  extent  this  local  erosion  ex- 
tended to  tlie  older  formations  it  is  impossible  to  say  :  but  the  effect 
was  j)rol)ably  small.  At  the  same  time,  in  a  summary  of  this  kind, 
the  oerurrencc  of  this  period  of  denudation  ought  not  to  be  passed 
over  in  silenee. 

i^vrnifh  IVrinfJ. —  The  seventh  and  last  period  was  that  which 
ensued  at  the  close  of  the  Olacial  epoch,  and  is  still  in  existence.  To 
this  ])eiiod  is  to  be  referred  the  ehannelling  out  of  all  the  secondary 
valleys  by  "  alm()s])herie  denudation,'*  and  the  modification  by  the 
sjune  agency  of  all  the  physical  features.  Many  of  these  toIIcyb 
luive  bee  n  hollowed  out  in  the  lines  of  older  valleys  which  had  been 
])artially  tilled  in  with  d  lift -deposits,  producing  the  phenomena  of 
♦*  valleys  within  valleys  •'*.    No  one,  indeed,  can  traverse  the  hills  of 


1  wliieli  T  have  omploycd  lodpiambc  n  olnw  of  nhymcal  features  not 
ill  tho  IViiniiir  oliniii,  the  Cottcswold  IIiIIh.  una  other  diHtrictp.  See 
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the  Pennine  and  Pendle  ranges,  and  witness  the  enormous  landslips 
which  have  taken  place  in  the  districts  of  the  Millstone-grit*,  or 
the  masses  of  rock  and  shingle  brought  down  by  the  rivers  when  in 
flood,  without  being  struck  with  the  actual  and  possible  effects  of 
rain-  and  river-action ;  but  when  we  come  to  compare  these  with 
the  more  ancient  levellings  of  the  surface  between  geologic  epochs, 
the  formation  of  successive  planes  of  marine  denudation,  such  as 
that  of  the  Pennine  chain  as  it  was  originally,  and  of  the  region 
of  South  Lancashire  and  Cheshire  as  it  is  now,  I  cannot  but 
feel  satisfied  that  the  results  of  sea-action  have  been  vastly  more 
important  than  those  of  frost,  rain,  and  rivers  in  sculpturing  the 
surface  of  this  part  of  England  during  successive  geologic  epochs. 


4,  On  a  Salifekous  Defosit  in  St,  Domingo, 
By  D.  Hatch,  Esq. 

[Communicated  by  Sir  B,  I.  Murchison,  Bart.»  E.C.B.,  F.B.S.}  F.G.S.j  &c.] 

(Abstract.) 

The  salt-mountain  is  situated  about  15  miles  from  the  fine  harbour 
of  Benahona,  and  about  halfway  from  there  to  the  great  salt  lake 
Emiquilla.  It  is  7  or  8  miles  long,  about  GOO  feet  in  the  highest 
part,  and  varies  from  1^  to  2  miles  in  width.  The  people  of  that 
vicinity  and  the  interior  have  drawn  their  supplies  from  these 
mines  for  ages,  all  from  the  upper  surface.  There  is  a  coating  of 
earth  on  the  top,  varying  from  10  to  30  feet.  As  they  have  no  means 
of  disposing  of  the  earth,  they  work  but  a  short  time  in  one  place, 
for  fear  of  the  falling  earth.  They  have,  therefore,  made  holes 
down  to  the  salt,  but  a  short  distance  apart,  nearly  the  entire 
length  of  the  mountain.  As  they  remove  the  earth  from  the  upper 
surface,  they  frequently  find  masses  of  large  crystals,  some  of  them 
8  or  10  inches  square ;  but  the  great  body  of  it  is  like  conglome- 
rate of  West-India  salt,  and  nearly  of  the  same  purity. 

In  the  salt-mountain  there  are  ledges  of  pure  and  almost  trans* 
parent  Gypsum,  some  nearly  white. 

*  These  are  specially  striking  in  the  district  of  the  Peak,  Kinder  Scout  and 
Derwent  Edge. 
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G.  Tate. — ^Note  on  the  Scremerston  sections,  367. 
-.    Botany  and  Geology  of  the  CI 
-.    Glaciation  at  Little  MiU,  872. 


Bordeaux.    Memoires  do  la  Societ<5  des  Sciences  Physiques  ct  Nata- 
relies.     Vol.  v.     2«  Cahier.     1867. 

Bremen.    Abhandlungen  herausgegeben  yom  natorwissenscbaftliehen 
Vereine.     Band  i.  Heft  2.     1867. 

Calcutta.    Journal  of  the  Asiatic.  Society  of  Bengal.    New  Series. 
No.  95.     Part  I.  No.  2.     1867. 

Proceedings  of  the  Asiatic  Society  of  Bengal.     Nos.  8-10. 


August  1867. 
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Cambridge  Philosophical  Society.    Transactions.    Vol.  x.    Part  2. 
1864. 

.    .     Vol.  xi.  Part  1.     1806. 


Chemical  News  and  Journal  of  I'hysical  Science.     Nos.  422-434. 
January  to  March  1868. 

New  minerals  accompauying  Cryolite,  8. 

Electrical  jewels,  8. 

T.  Storry  JIunt. — Chemical  p^eology  of  Mr.  D.  Forbes,  27. 

The  mineral  Woodwardite,  32. 

D.  Forbes. — Some  points  in  Chemical  Geology,  39. 

.7.  Tyndall. — (.4eysers  of  Iceland,  42,  51. 

C.  S'.  Kodman. — Analysis  of  Turgite,  55. 

O.  J.  linish. — Obi»ervations  on  Native  Hydrates  of  Iron,  5o. 

Coal  in  the  Eastern  I  lemispherc,  00. 

1).  Forbes. — Microscope  in  Geology,  04,  75. 

Water  from  Jamaica,  70. 

W.  A.  Koss. — Crystallography  and  the  Blowpipe,  87. 

I).  Forbes. — On  Chemical  Geology,  105,  111. 

Chemical  Society.     Journal.     Second  Series.     Vol.  vi.    January  to 
March  1868. 

T.  E.  Thorpe.— Analysis  of  the  water  of  the  Holy  Well,  North  Lan- 
cashire, 19. 

Christiania.     Det  Kongeligc  Norske  Frederiks  Universitets  Aarsbe- 
rctning  for  Aaret  1866.     1867. 

.     Forhandlingor  i  Videnskabs-Selskabet  i  Christiania.     Aar 


etl865.     1866. 

Sars. — Lycodcs  ffraciluty  40. 

.    Fossiler  i  glaciale  Mergelboller  fira  Stjoidalcn,  40. 

— .     .     Aaret  1866.     1867. 

Waage. — Thoijordens  Forekomst  i  Mineralier  Ira  Hitero,  220. 

— .   Index  scholarum  in  Univorsitate  Begia  Fredcridana.  Januaiy 
1867. 

— .    .     August  1867. 


Colliery  Guardian.  Vol.  xv.    Nos.  366-378.   January  to  March  1868. 

W.  W.  Smyth.— Lectures  on  Mining,  12,  48,  73, 101, 126, 140. 163. 

200,251,269. 
K.  Hunt — Iron-ores  of  Great  Britain,  20. 
F.  C.  Danvers. — Indian  Coal,  00. 
Coalin  Italy,  117. 

W.  Fairley.— Study  of  Geology,  128. 

W.  M.  Higgings. — Geological  aistribution  of  Iron-ores,  196, 218. 267. 
Coal  in  Natal,  293. 

Copenhagen.  Det  Kongcligo  danske  Videnskabemcs  Sdakabs 
Skrifter.  Femte  Kffikke,  Naturvidonskabclig  og  Mathematisk 
Afdeling.    Sjette  Bind.     1867. 

Oycrsigt  oyer  det  Kongelige  danske  Videsskabemes  BeUkabs 


Forhandlinger.    1867.    No.  4. 
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Dorpat.   ArchivfiirdieNaturkunde.    IstSer.  VoLii.  lief.  1,    1861. 

Petzholdt. — Das  Torfla^r,  1. 

.    Zur  Naturgeschicte  der  Torfinoore^  75. 


2nd  Ser.    Vol.  vi.  lief.  1.     1862. 
Ist  Ser.     Vol.  iii.  Lief.  2.    1863. 


Rosen — ^Die  cliemisch-geognostischen  Verhaltnisse  der  devonisclien 
Formation  des  Diinathals;  105. 


Ist  Ser. 

Vol.  iii. 

lief.  3. 

1863. 

2nd  Ser. 

Vol.  vi. 

lief.  2. 

1864. 

let  Ser. 

VoL  iii. 

Lief.  4. 

1864. 

2nd  Ser. 

Vol.  vii 

.  lief.  1. 

1867. 

Ist  Ser. 

Vol.  iv. 

Lief.  1. 

1867. 

Kuhlberg. — ^Analyse  and  Beschreibung  der  Meteorite  yon  Nerft, 

Honolulu,  &c.;  1. 
Platter-Sieberg. — Meteorit  von  Lixna,  22. 
Lieven. — Die  Anwendbarkeit  der  Dolomitthone  dea  Diinaufers  zu 

Wassermostel,  45. 
Lembeig. — Chemische  Untersuchung  eines  unterdevoniscben  Profils 

an  der  Bergstrasse  in  Doipat,  85. 
Grewingk. — Ueber  Hoplccnnua  dipentas  und  Baeroerinus  Ungernij  100. 

Dresden.     Sitzungsbericbte  der  naturwissenschaftlichen  Gesellschaft 
Isis.    Jabrgang  1867.     Nos.  4-12.     April  to  Deeember. 

Geinitz. — Geologiscben  Verbaltnisse  von  Luzembui^,  59. 

.    Beitrage  zur  Gescbicbte  verscbiedener  Steinkoblen-Unter- 

nehmungen  in  Sacbsen,  61. 
Zacbau. — Ueber  das  sudlicbe  Norwegen,  63. 
Grotb. — Ueber  neugebildeto  Mineral-Produkte  auf  einem  brennenden 

Steinkoblenfelde  bei  Dresden,  68. 
G  umbel. — Kurze  Notiz   iiber  die  Gliederung  der  sacbsiBeben  und 

bayeriscben  oberen  Kreidescbicbten,  72. 
Geinitz. — Mittbeilun^en  iiber  die  ausserordentlicbe  Versammlung  der 

geolofi^iscben  Gesellscbaft  von  Frankreicb  in  Paris,  Aug.  1867,  93. 
.    Der  intemationale  Congress  fiir  Antbropologie  und  vorhisto- 

riscbe  Arcbiiologie  in  Paris,  Auff.  1867,  147. 
.    Ueber  einen  neuen  Meteont,  158. 

Essex  Institute.  American  Naturalist.  Vol.  i.   Nos.  1-12.   1867-68. 

T.  Brigbam. — Volcano  of  Kilauea,  Hawaii,  16  (plate). 

E.  D.  Uope. — ^Fossil  reptiles  of  New  Jersey,  23. 

Human  jaw  in  a  Bel^an  Bone-cave,  53. 

Lizard-uke  Serpent  m  Englisb  Cbalk,  53. 

Cbalk  in  Colorado,  53. 

Eozoon  in  Austria,  104. 

Absence  of  Drift  on  tbe  west  coast  of  North  America,  157. 

A.  S.  Packard. — ^Ice-marks  in  tbe  White  Mountains^  244. 

Miocene  flora  of  North  Greenland^  325. 

J.  Wyman. — Kjoekkenmoeddings  m  Main  &c.,  561  (2  plates). 

Proceedings.  Vol.v,    No.  5,   January  to  March  1867.    1868. 
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Frankfort-on-the-Main.    Tageblatt  der  41.  YerBammlong  deutadier 
Naturforscher  und  Aerate  vom  18.  bis  24.  September,  1867.    1867. 

Geological  Magazine.  YoLt.    Nob.  43-45.    January  to  Malrch  1868. 

n.  Woodward. — ^New  King-crab  from  the  Upper  Silurian,  1  (plate). 

.     Pros(^>on  mammiUatum  from  the  Stoneafield  Slate,  3  (plate). 

T.  Belt.— Linmila-flagg  of  Dolgelly,  5  (plate). 

J.  Ruakin. — &ecciat^  Concretiona,  12  (plate). 

G.  H.  Kinahan. — Weathering  of  Rocks  near  the  Sea,  18. 

T.  Steny  Hunt. — Chemical  geology  of  Mr.  D.  Forbes,  49. 

E.  Billings. — ^New  species  oi  Stricklandiaj  69  (plate). 

Dr.  Peters. — Geology  of  the  Dobrudscha,  Bulgaria,  62. 

W.  Carruthers. — Revision  of  British  Graptolites,  64  (plate). 

G.  Maw. — Flower-like  form  from  the  Lower  Bagshot  beds  of  DoiBet- 

shire,  74. 
'  Siluria,'  noticed,  79. 

D.  Forbes. — Dr.  oterry  Hunt*s  geological  chemistry,  106. 
Baden-Powell. — Igneous  rocks  of  Cham  wood  Forest,  111. 
G.  Maw. — Cambrian  rocks  and  banded  slates  of  Llanberii,  131. 
W.  Carruthers. — Description  of  British  Graptolites.    Part  IL,  125. 
H.  Woodward. — Actitwceras  baccatum,  a  new  species  of  Orthooeratite 

from  the  Woolhope  Limestone,  133. 
Mortillet*s  '  Materials  for  the  History  of  Man,'  noticed,  27. 
Lindstrom^s  *  Liassic  and  Triassic  Fossils  from  Spitzbergen.'  notioed, 

29. 
Meyer^s  '  Systematic  Catalogue  of  Tertiary  Fossils/  noticed,  136. 
Notices  of  Memoirs,  19,  26.  76, 136. 
Reports  and  Proceedings  or  Societies,  31,  88, 139. 
Correspondence,  31,  92, 139. 

GiBological  and  Natural-History  Repertory.    Nos.  81  &  32.    January 
•     to  March  1868. 

Proceedings  of  Scientific  Societies,  66,  93. 
Scientific  Periodicals,  noticed,  79. 

Geologists'  Association.     Annual  Report.     1867. 

.     List  of  Members.     1868, 

Halifax.     Nova-Scotian  Institute  of  Natural  Science.     Prooeedings 
.     and  Transactions.     Vol.  ii.  Part  1.     1866-67. 

H.  How. — Remarks  on  the  Minerals  prepared  for  the  Paris  Exhi- 
bition, 26. 

D.  Honeyman. — Geology  of  Gay's-River  Gold-fields,  76. 

R.  G.  Haliburton. — Ex|)lorations  in  the  Pictou  Coal-field,  03. 

D.  Honeyman. — Geological  Features  of  the  Londonderry  Iron-minea, 
112. 

Heidelberg.    Yerhandlungen  des  naturhifitorisch-medizinischeiL  Yer- 
eins  zu  Heidelberg.     Band  iv.     No.  5. 

Institute  of  Actuaries.    Journal.    Yol.  xiv.  Part  2.    January  1868. 

Intellectual  Obeerver.     No.  72.    January  1868. 

W.  B.  Dawkins. — ^Prehistoric  Mammalia  found  associated  with  Man, 

403. 
L.  Jewitt; — Grave-mounds  of  Derbyshire  and  their  ConteiitB,  450. 
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Journal  of  Travel  and  Natural  History.     Vol.  i.     No.  1.     1868. 
A.  Geikie. — Geological  Origin  of  the  Present  Scenery  of  Scotland,  1. 

Linnean  Society.    Journal.    Vol.  ix.    No.  44.  Botany.    (Title,  Con- 
tents, and  Index  to  Vol.  ix.) 

.     .     Vol.  ix.     No.  39.  Zoology. 

.     .     Vol.  X.     Nos.  42  &  43.  Botany. 

.     .     Proceedings.     (Session  1866-67.) 

London,  Edinburgh,  and  Dublin  Philosophical  Hagadne.    Fourth 
Series.     Vol.  xxxiv.     No.  233.  Supplement.    February  1868. 

11.  A.  Nicholson. — Graptolites  of  the  Skiddaw  Series,  546. 

P.  Martin  Duncan. — Fossil  Corals  of  the  West  Indies^  546. 

Sir  J.  Lubbock. — Parallel  Roads  of  Glenrov,  547. 

C.  Collingwood. — Geological  features  of  tne  Northern  part  of  For* 

mosa,  548. 
.    Some  Sources  of  Coal  in  the  Eastern  Hemisphere,  548. 

.    .    Vol.  XXXV.    Nos.  234-236.    January  to  March  1868. 

Prof  How. — Contributions  to  the  Mineralogy  of  Nova  Scotia,  82, 918. 
W.  W.  Stoddart.— Lower  Lias  of  Bristol,  153. 

C.  0.  G.  Napier. — Lower  Lias  near  Bristol,  154. 

W.  B.  Dawkins. — Dentition  of  Bhinoeeros  Etruscus,  154. 

D.  Forbes. — Kesearches  in  British  Mineralogy,  171. 

London  Review.  Vol.  xvi.    Nos.  392-404.    January  to  March  1868. 

Vesuvius,  35. 
Woodwardite,  ^. 

Manchester  Geological  Society.     Transactions.    VoL  vii.  Part  3. 
A.  Sopwith. — ^Portion  of  the  Central-Indian  Coal-field,  23. 

Medical  Press  and  Circular.   Vol.  v.    Nos.  1-13.    January  to  March 

1868. 

A  substitute  for  Coal,  96. 

Milan.     Atti  della  Society  Italiana  di  Scienze  Naturali.     Vol.  iz« 
Fasc.  2  &  3.     Fogli  24-31. 

.    .    Vol.  X.  Fasc.  1,    Fogli  1-9.    April  1867. 

.     .     Vol.  X.  Fasc.  2.    Fogli  10-17. 

Seguenza. — Sul  cretaceo  medio  dell*  Italia  meridionale,  225. 

Munich.     Sitzungsberichte  der  koniglich-bayerischen  Akademie  der 
Wissenschaften.     1867,  ii.  Heft  ii. 
Ueber  den  Glaukodot  von  Hakansbo  in  Schweden,  276. 

.     .     1867,  ii.  Heft  iii. 

Wagner. — Ueber  die  Entdeckung  von  Spuren  des  Menschen  in  den 
neogenen  Tertiiirschichtcn  von  Mittelmmkreich,  407. 

Naturalists'  Directory.     Part  1.     1865, 
North  America  and  the  West  Indies. 
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Nench&tel.  Soci^te  des  Bciencos  Naiurelles.  Bolletin.  YoL  vii. 
7*  Cahier. 

Otz,  H.  L. — Une  grotte  dans  les  gorges  de  la  ReusOi  520. 

Palermo.  Giomale  di  Scienze  Naturali  ed  Economiche.  Yol.  iii. 
Fasc.  1-3.     1867. 

Paris.    Annales  des  Mines.     Vol.  xi.  Livr.  2  et  3.     1867. 

S.  Gras. — Note  sur  roriffino  du  sel  marin  dans  le  sol  Camargue 

(d^partement  des  BouchesHlu-Rhdne)^  367. 
£.  de  Billy. — Les  changements  de  volume  en  sens  inverse  des  deux 

glaciers  de  Gomer  et  de  Findelen,  pr^  de  2^rmatt  en  Valaisy  431. 
L.  de  Lagarde. — Les  mines  de  la  province  de  Cordoue,  443. 

Patent-Office.     Report.     Vols.  i.  &  ii.  1863. 

— .  >     Vols,  i,  &  ii.  1864. 

Photographic  Journal    Nos.  189-191.    January  to  March  1868. 

Plymouth  Institution.  Annual  Report  and  Transactions.  Vol.  ii. 
Part  2.     1867. 

Prague.  Zwciter  Jahresbericht  iiber  die  Wirksamkeit  der  beiden 
Odmites  fiir  die  naturwissenschaftliche  Durchforschung  von  Boh- 
men  im  Jahre  1865  und  1866,     1867. 

J.  Krejci. — Ueber  die  geologischen  Revision  der  Umgebung«n  yon 

Bohm  Leipa,  &c.^  27. 
A.  Fric. — Uober  Versteinerungen,  &c.,  66. 

Quarterly  Journal  of  Science.     No.  17.     January  1868. 

E.  Hull. — ^Experiments  for  ascertaining  the  Temperature   of  the 

Earth's  crust,  14. 
R.  Hunt — Iron-ores  of  Great  Britain,  31. 

Royal  Astronomical  Society.     Memoirs.     Vol.  xxxv.     1867. 

.    .     Vol.  xxxvi.     1867. 

Royal  Horticultural  Society.  Proceedings.  New  Series,  VoL  i. 
No.  9.     August  1867  to  January  1868. 

Royal  Microscopical  Society.     President's  Address.     1868. 

Royal  Society.    Philosophical  Transactions.   Vol.  dvi.  Part  2.    1866. 

.    .    Vol.  clvii.  Parts  1  &  2.     1867. 

P.  M.  Duncan. — Genera  Heterophyllia,  Battershyia,  PakeocyduSy  and 
Asterasmilioy  643. 

.     Proceedings.     Vol.  xvi.    Nos.  96-99.     1868. 

Society  of  Arts.  Journal.  Vol.  xvi.  Nos.  789-801.  January  to 
March  1868. 

Lead  in  Queensland,  152. 
Vesuvius,  248. 
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Student  and  Intellectual  Observer.  Nos.  1  &  2.  February  and 
March  1868. 

Turin.  Atti  della  R.  Accademia  delle  Scienze.  Yol.  ii.  Part  4, 
March  1867. 

Govi. — Nota  intomo  ad  una  pretesa  dimostrazione  matematica  della 
recente  apparizione  dell'  uomo  sulla  terra,  401. 

.     .     Vol.  ii.  Parts  5-7.     1867. 

Sun  to. — Di  una  Memoria  sulla  "  Tasformazione  delle  Specie"  del 
Prof.  G.  Ghiringhello,  503,  664. 

Vienna.  Anzeiger  der  kaiserlichen  Akademie  der  Wissenschaften, 
Jahrg.  1868.     Nos.  1-7. 

.  Sitzungsberichte  der  kaiserlichen  Akademie  der  Wissenschaf- 
ten. Math.-natur.  Classe.  Erste  Abtheilung.  Yol.  Iv.  Heft  3, 
March  1867. 

Karrer. — Zur  Foraminiferenfaima  in  Oesterreich,  331. 

Tsehermak. — Die  kobaltfiihrenden  Arsenkiese  Glaukodot  und  Danait. 

447. 
Ettingshausen. — Die  fossile  Flora  des  Tertiar-Beckens  von  Bilin. 

Theil  iii.,  516. 
Steindachner. — Ichthyologische  Notizen  (TV.),  617  (6  plates). 

.     .     .     .     Yol,  Iv.  Hefte  4  und  5.     April  and 

May  1867.     (25  Plates.) 

Kner. — Orthacanthus  Dechenii,  Goldf.,  oder  Xenacanthtis  DecJienii, 

Beyr.,  540  (10  plates). 
Steindachner. — Ueber  einige  neue  und  seltene  Meeresfische  aus  China, 

585. 
linger. — Kreidepflanzen  aus  Oesterreich,  642  (2  platesY 
Steindachner. — Ichthyologische  Notizen  (v.),  701  (3  plates). 
Kner. — Nachtrag  zu  den  lossilen  Fischen  von  Raibl,  718  (1  plate). 

.     .     .     .     Yol.  Ivi.   Heft  1.     June  1867.     (5 

Plates.) 

Boricky. — Dufrenit,  Beraunit,  und  Kakoxen  von  der  Grube  Hrbek  bei 

St.  &nigna  in  Biihmen,  6. 
Zepharovich. — Mineralogische  Mittheilungen  HI.),  19. 
Kner. — Neuer  Beitrag  zur  Kenntniss  der  fossilen  Fische  von  Comen 

bei  Gorzj  171  (6  plates). 
Laube. — ^Ein  Beitrag  zur  Kenntniss  der  Echinodermen  des  vincenti- 

nischen  Tertiargebietes,  239. 

.   .   .   Zweito  Abtheilung.  Yol.lv.  Heft  2.    February 

1867. 
Martin. — Die  Hauschlagscurven  des  Muhlsteins,  309. 

.     .     .     .     Yol.  Ivi.   Hefte  1  &  2.     June  and 

July. 

AUemann. — Analyse  des  Ebriacher  Sauerbrunnens  in  Kamthen,  47. 
Wolff. — Chemische  Analyse  der  Mineralquelle  von  Sztojka  in  Sieben- 

biirgen,  55. 
K6nya. — Chemische  Analyse  des  Ursprungsquelle  in  Baden  bei  Wien, 

67. 

VOL.  XXIV. — PAST  I.  2  b 
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Vienna.  Sitzungsbcrichte  dcr  kaiserlichen  Akademie  der  Wissen- 
Bchaften.  Math.-natur.  Classe.  Zweite  Abtheilung.  YoL  Ivi. 
Heft  3.     March  1867. 

.     .     .    .     Vol.  Ivi.  Heft  4.    April  1867. 


Haidinger. — Mittheilungen  der  Herren :  Baron  Paul  dea  Granges 

seiner  Photographien  von  Santorin  &c.,  653. 
Stefan. — Ueber  Longitudinalschwingnngen  elasticher  StabO;  597. 

Verhandlungen  der  k.-k.  geologischen  Reichsanstalt.    No.  17, 


1867. 

Sapetza. — Alter  der  Conglomerate  und  Sandstein  von  Neutitacliein, 

369. 
Roha. — Ueber  das  Steinkohlenwerk  Steierdorf  in  Ungam,  372. 
Palmieri. — Ausbruch  dos  Vesuv,  373. 


Bukowski. — Kupfererzbergbau  Birgstein  in  Salzburg,  376. 

>. — Geologische  Aumabmskarte  des  unganscnen  Theiles 
hoben  Tatra  &c.,  377. 


Stacbe. — Geologische  Autnabmakarte  des  unganscben  Theiles  der 

boben  Tatra  &c.,  377. 
Scbloenbacb. — Neocomscbicbten  bei  St.  Wolfgang,  378. 


No.  18,  1867. 


Alpbabetiscbes  Autoren-Register. 


No.  1,  1868. 


Zittel. — Obere  Jura  und  Kreide-Scbicbten  in  den  Allgauer  und 

Vorarlberger-Alpen,  1. 
Revn^ — Ammonites,  Alpine  Liasborizonte,  4. 
Palkovics. — Fossile  Concbylien  von  Szobb  in  Ungam,  5. 
Hantken. — Die  Umgebung  von  Labatlan,  6. 

Palmieri. — Fortsetzung  der  Bericbte  iiber  die  Tbatigkeit  des  Vesuv,  7. 
Mojsisovics. — Ueber  Versteinerungen  des  mittleren  Lias  vom  Hall- 

stadter  Salzberge,  10. 
Hauer. — VerwenJung  feldspatbbaltiger  Gesteine  als  Diingmittel,  13. 
Hofmann. — Die  Braunkoblenablagerung  bei  Koflacb-Voitsberg,  14. 

-.     .     No.  2,  1868. 


Posejjnj. — Zur  Geologie  des  siebenbiirgiscben  Erzffebirges,  24. 
Palmieri. — Die  Tbatigkeit  des  Vesuv  vom  20.  Dec.  bis  zum  10.  Jannei 

1868. 
Hingenau. — Das  Vorkommen  von  Ealisalzen  in  den  Salinendistrikten 

Galiziens,  26. 
Suess. — Eruptivgesteine  des  Smrekonz-Gebirgcs  in  Steiermark,  82. 
Foetterle. — Das  Steinkoblengebiet  von  Mabriscb-Ostrau,  36. 

.     No.  3,  1868. 


Palmieri. — Die  Tbatigkeit  des  Vesuv  vom  11.  bis  20.  Janner,  46. 
Oesterreicber. — Meeresgrund-Aufiiabme  im  Golf  von  Trieste  48. 
Fotterle. — Die  Lagerungsverbaltnisse  der  Steinkoblenflot»9  in  der 

Ostrauer  Steinkolilenmulde,  51. 
Griesbacb. — Der  Jura  von  St.  Veit,  64. 
Andrian. — Neogenscbicbten  bei  Strigno  in  Sudtirol,  66. 
Stur. — Beitrage  zur  Kenntniss  der  geologischen  Verbaltnisse  von 

Raibl  und  Kaltwasser,  67. 
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Vienna.   Verhandlimgen  der  k.-k.  gcologischen  Eeichsanstalt.   No.  4, 

18G8. 

Palmieri. — Die  Thatigkeit  des  Vesuv  vom  21.  Janner  bis  9.  Februar, 

65. 
Ambroz. — ^Ueber  einige  Mineralvorkommen  in  Swoszowice,  66. 
Woldrich. — Versuchbau  auf  Kohle  in  St.  Gilgen  am  Wolfgangsee, 

66. 
Ilochstetter. — (1)  Ueber  die  Moa-Skelette  des  Provinzial-Muaeums 

zu  Christeliurch  der  Provinz  Canterbury  in  Neuseeland.    (2)  Ueber 

Eozoon  aus  dem  Kalk  von  Tudor  in  Canada,  69. 
Ftitterle. — Die  Braunkohlenablagerung  b^  Falkenau  in  Bobmen,  70. 
Andrian. — Die  Erzlagerstatten  bei  Tei^ove  in  der  Militargrenze,  72. 
Wolf. — Geologiscbe  Aufnalimskart^  der  Umgebung  von  Tokaj  und 

Ilajdu-Nanas  in  Ungam,  75. 
Heifer. — Skizze    der    ffeologiscb-bergmanniscben  Verhaltnisse   von 

Hrastnigg-Sagor,  7o. 

.     .     No.  5,  1868. 

Pabnieri. — Die  Thatigkeit  des  Vesuv  vom  9.  bis  19.  Februar,  1868, 90. 
Fritsch. — IMe  Gemengtheile  eines  der  am  30.  Janner  1868  bei  Pul- 

tusk  in  Polen  gefallenen  Aerolithen,  92. 
RoRsler. — Fortschritt  der  geologischen  Au&abme  in  den  vereinigten 

Staaten  Nord-Amerikas,  94. 
Stoliczka. — Kiickreise  iiber  Cairo  und  Suez  nacb  Calcutta,  94. 
Grenier. — Plane  fiir  den  Betrieb  der  Salzgruben  in  Bex,  96. 
Fottcrle. — Neue   Uebersichtskarte   des   Vorkommens  von    fossilem 

Brennstoffe  in  Oesterreich,  dessen  Production  und  Circulation,  97. 
Stache. — Die  Kossenerschichten  im  Gebiete  der  bohen  Tatra,  99. 
Hauer. — Ueber  den  Schmirgel  von  Smyrna,  102. 
Schloenbach. — Ueber  Brachiopoden  aus  der  Ejreide  Bohmens,  102. 


II.  PERIODICALS  PURCHASED  FOR  THE  LIBRARY. 

Annales  des  Sciences  Naturelles.    Zoologie  at  Paldontologie.    5*  Serie. 
VoL  viii.     Nos.  1-4. 

Bourguinat. —  Ursus  dans  la  caveme  du  Thaya,  41. 
Garrigou. — Age  du  Renne  dans  la  grotte  de  la  V&cbe,  89. 
Milne-Edwards. — Un  Psittacien  fossile  de  Tile  Rodrigues,  145. 
Lartet. — Sur  deux  tetes  de  Camassiers  fossiles  ( Ursus  et  FeUs),  et 

sur  quelques  debris  de  Rhinoceros  dans  les  cavemes  du  midi  de  la 

France,  166, 193. 

Annals  and  Magazine  of  Natural  History.     Fourtb  Series.    Vol.  i. 
Nos.  1-3.     January  to  March  1868. 

T.  Atthey. — Ctenodus  from  the  Northumberland  Coal-field,  77. 
G.  Kreflt. — Gigantic  Fossil  Echidna  in  Australia,  113. 

Journal  de  Conchyliologie.     Vol.  viii.     No.  1.     1868. 

Meyer. — Description  de  coquiUes  fossiles  des  terrains  tertiaires  sup^- 
neurs,  102. 
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Leonhard  und  Geinitz's  Neues  Jabrbuch  fiir  Mineralogie,  Geologie, 
und  Palaontologie.     Jabrgang  1867.     Heft  7. 

A.  Kcunorott. — Uebcr  die  alkaliscbe  Reaktion  einiger  Minerale^  769. 

II.  von  Meyer. — Uebor  Mastodon,  785. 

C.  W.  Glimbel. — Skizze  der  Gliodening  der  obeien  Schichten  der 

Kreideformation  (Planer)  in  Bobmen,  795. 
M.  Webskv. — Ueber  dio  Kiystallform  des  Kryolitbs,  810  (plate). 
C.  W.  C.  t'ucbs. — l^eitriigo  zur  Mineral-Chemie,  822. 
Letters ;  Notices  of  Books,  Minerals,  Geology,  and  Fossila. 

.     Jabrgang  18G3.     Heft  1. 

H.  B.  Geinitz. — Geologiscbe  Mittbeilimgen  Uber  die  Parifler  Ausstel- 

lunjir  im  Jahre  1HG7,  1. 
L.  Friscbmami. — Ueber  neue  Eutdeckungen  im  litbogn^bischen 

Sebiefer  vou  Eicbstiidt,  2(5. 
J.  C.  Deieke. — Ueber  ErdschlUpfe  und  Schlammstrome  mit  beson- 

derer  Beziehiint,^  aiif  den  Fiihnemberge,  39. 
II.  von  Mover. — Vollstiiudiger  Schiidel  von  Placodus  gigaa  aus  dem 

Muschelkalk  von  Bavreutb,  48. 
F.  Xies. — Ueber  eine  llomblendc-Combination  von  Hartlingen  in 

Nassau,  •')'3. 
Letters ;  Notices  of  Books,  Minerals,  Geology,  and  Fossils. 

Llnstitut.     2^  Section.     32*  iVnnee.     Nos.  375-384.     18G7. 

Lcguay,L. — Ciiuetieredel'agede  pierre  alaVarenne-Saint-IIilaire,48. 

.     l"^'  Section.     35*^  Annee.     Nos.  1761-1773.     1867. 

Bone,  A. — Grologie  des  Apennins,  32o. 

Dupont,  E. — Fouilles  dans  les  cavcmes  de  Monlaigle,  335. 

liedtenbacber. — Analyse  d'eaiix  min^rales,  391. 

Boricki. — Les  diifrC-nites,  b^rauuites  et  cacox^nes  deHrbck  (Bob^me), 

.'302. 
Schmidt.— MtHeores,  392. 
Zepbiir(.)vicb. — La  barraiidite  et  la  spb^rite,  407. 

.     .     30*-  Aniico.     Nos.  1774-1782.     1868. 


Tschermak. — I^a  presence  du  p^riodot  dans  les  rocbes,  7. 

Beuss. — lies  Zoautbaires  fossiles  de  Castclgomberto,  7. 

Milne-Edwards. — I'n  Perroquet  fossile,  11. 

Martins,  Collonib,  Do  Beaumont. — L'existence  d*anciens  gladen  dans 

la  vallee  d'Arjrelez,  30. 
Grabam. — L'origine  des  M^ thorites,  40. 


PaleDontograpbica :  berauftgegeben  yon  Hermann  von  Meyer.   Vol,: 
Lief.  6.     January  1868. 

Dr.  W.  von  der  Marck  und  Dr.  CI.  Scbliiter. — ^Neue  Fiscbe  und  Krebw 
aus  der  Kreide  von  Westpbalen  (plates  41-44). 

• .     Yol.  xvii.  Lief.  1.     November  1867. 

H.  von  Meyer. — Studien  Uber  das  Genus  MaHodon  (plates  1-8). 
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III.  GEOLOGICAL  AND  MISCELLANEOUS  BOOKS. 

Names  of  Donors  in  Italics. 

Art- Union  of  London.     Keport  of  the  Council.     1867. 

Belt,  T.  On  the  lingula-flags  or  Festiniog  Group  of  the  Dolgelly 
District.     1868. 

Bessou.  Routier  de  TAustralie.  Vol.  iii.  1866.  Presented  by  the 
Depot  de  la  Marine, 

Brown,  R.     Miscellaneous  works.     Yol.  ii.    Bay  Society.     1867. 

Browiu,  R,  M,    Cause  and  Eflfect :  or,  the  Globe  we  inhabit.    1868. 

Catalogue  chronologique  des  cartes,  plans,  vues  de  cdtes,  m^moires, 
instructions  nautiques,  etc.,  qui  composent  Thydrographie  fran- 
<j^aise.     1866.     Presented  by  the  Dipot  de  la  Marine. 

Chambeyron.  Instructions  nautiques  sur  la  NouveUe-Cal^onie. 
1867.     Presented  by  the  Dipot  de  lu  Marine. 

Daubree,  A.  Eapport  sur  les  progr^s  de  la  Geologie  exp^rimentale. 
1867. 

DeVjadOj  J.  F.  N.  Da  existencia  do  homen  no  nosso  solo  em  tempos 
mui  remotes  provada  pelo  estudo  das  cavemas.  Primeiro  opuscule 
uoticia  dcerca  das  grutas  da  Cesareda.     Lisbon,  1867. 

Deuxieme  supplement  aux  instructions  (No.  373)  sur  la  mer  de  Chine. 
1867.     Presented  by  the  Dipot  de  lu  Marine. 

Eichivaldy  E,  LetheBa  Rossica,  ou  paldontologie  de  la  Eussie.  10* 
livraison.     1867. 

.   .   11*  livraison.   (Seconde  Section  de  la  Periode  moyenne, 

contenant  les  Mollusques  (suite) :  Luciniddes — Bissoi'dees.    1867. 

Fairman,  E,  St.  J.    Treatise  on  the  Petroleum-zones  of  Italy.    1868. 

Favre,  A.  Becherches  geologiques  dans  les  parties  de  la  Savoie,  du 
Piemont  et  de  la  Suisse.     3  vols,  and  atlas.     1867. 

-.     Station  de  Thomme  de  I'^e  de  la  pierre  k  Yeirier  pr^  de 


Geneve.     1868. 

Fay,  B.  Benseignemcnts  nautiques  sur  quclques  ports  de  I'Oc^anie, 
de  la  Nouvelle-Hollande,  et  de  la  mer  Bouge.  1866.  Presented 
by  the  Depot  de  la  Marine, 

Oaudry,  A.  Animaux  fossiles  et  g^logie  de  I'Attique.  19*  et  der- 
niere  livraison.     1867. 

Gaussin  et  Ploix.  Annuaire  des  marees  des  cotes  de  France  poor 
Tan  1867.     Presented  by  the  Dip6t  de  la  Marine. 


^  kS  DONATIONS. 

Gaussin  ct  Ploix.     Annuaire  dos  marecs  dea  cotes  de  France  pour 
Tail  ISOS.     Presented  hy  tlie  Depot  de  lu  Marine, 

Oervfdsy  P.     Rechcrchcs  sur  ranciennet^  de  rhomme  et  la  Periode 
quuternaire.     18(37. 

Gras,  A.     Annalcs  Hydrographiqucs.     Kecueil  d^avis,  instructions, 
documents  et  memoires  relatif  k  rhydrographio  ot  ^  la  nayigation. 

4-  trimestre  do  18G5. 

.     .     .     V-4r  trimestres  de  1866. 


— .     .     .     V-3^  trimestres  de  1867.     Presented  hy  the 

IMpot  de  la  Marine, 

— .     Considerations  gen^ralos  sur  la  Mer  Mediterrance.     1866. 


Presented  hy  the  Depot  de  la  Marine. 
■.     'SIqt  dc  Chine.     3*  partic.     Instructions  nautiques  sur  les 


lies  et  les  passages  entrc  les   Philippines  et  le  Japon.     1867. 
Presented  hy  the  Depot  de  la  Marine, 

-.     ij^  partie.     Instructions  nautiques  sur  la  mer  du 


Japon.     18(57.     Presented  hy  the  Depot  de  la  Marine, 

Grasset,  M.  13.  Note  sur  les  travcrsees  de  llctour  du  Golfe  du  Mexi- 
que  en  rrance.     1800.     Presented  by  ih^  Depot  de  la  Marine. 

Greppin,  J.  B,     Essai  goologique  sur  le  Jura  Suisse.     1867. 

.     Les  sources  du  Jura  Bemois.     1866. 

Gfddhery,  C,  M.,  ct  P,  Waage,  Etudes  sur  les  afilnitas  chimiques. 
1807. 

Ilally  T,  M,  The  Mineralogist's  Director}- ;  a  guide  to  the  principal 
mineral  localities  in  the  United  Kingdom.     1868. 

Ueer,  0,     Fossilo  Hymenopteren  aus  Oeningen  und  Eadoboj. 

Helmerstn,  G,  von,  Bericht  uber  eine  Arbeit  von  Hm.  Magister 
Gobel:  Untersuchungen  iiber  den  einst  an  der  lapplandischen 
Kiiste  stattgefundencn  Bergbau.     1867. 

.     Die  Bohrversuche  zur  Entdeckung  von  Steinkohlen  anf  der 

Samarahalbinsol,  und  die  Naphthaquellen  und  Schlammvulkane 
bei  Kertsch  und  Taman.     1867. 

Die  Steinkohlenfonnation  des  Urals  und  dcren  praktiacbe 


Bcdcutung.     1860. 

— .     Lettre  u  M.  le  Secretaire,  Dr.  Benard. 


— .    Zur  Frage  iiber  das  bchauptete  Seichtcrwerdcn  des  Aoow'- 
Bchen  Meeres.     1867. 
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Hocquart.  Le  Pilote  du  Golfe  Persique  comprenant  le  Oolfe  d'Om- 
man.     1866.     Presented  by  the  Dipot  de  Ja,  Marine, 

Kurz,  S.  Report  on  the  Vegetation  of  the  Andaman  Islands.  Pre^ 
sented  hj  Dr,  Thomas  Anderson. 

Lafont,  M.  J.  Pilote  du  Golfe  d'Aden.  1866.  Presented  by  the 
Depot  de  la  Marine, 

Mac-Dermott.  Rentier  des  cotes  snd,  sud-est  et  est  d'Aftiqne.  1866. 
Presented  by  the  Depot  de  la  Marine, 

Parker,  W.  K.  Monograph  on  the  Structure  and  Development  of 
the  Shoulder-girdle  and  Sternum  in  the  Vertehrata.  Bay  Society. 
1868. 

Peters,  K.  F.  Grundlinien  zur  Geographie  und  Geologie  der  Bobnid- 
scha.     I.  Geographischer  Theil.     1867. 

.     .     II.  Geologischer  Theil.     1867. 

Phillips,  W.  An  elementary  Introduction  to  the  Knowledge  of  Mine- 
ralogy.    1816.     Presented  by  William  Topley,  Esq.,  F.O.S, 

Benevier,  E.  Notices  geologiques  et  pal^ontologiques  sur  les  Alpes 
Vaudoises  et  Ics  regions  environnantes.  Partie  V,  complement  de 
la  faune  do  Cheville.     1867. 

Reports  of  Artisans  selected  by  a  committee  appointed  by  the  Council 
of  the  Society  of  Arts  to  visit  the  Paris  Universal  Exhibition. 
1867.     Presented  by  the  Society  of  Arts. 

Roper,  F.  C.  S.  Catalogue  of  works  on  the  Microscope  and  of  those 
referring  to  Microscopical  subjects.     1865. 

Sandberger,  F.  Die  Gliederung  der  Wiirzburger  Trias  und  ihrer 
Aequivalente.     Nos.  2  &  3.     1867. 

Stiider,  B.  Review  of  Favre's  'Recherches  g^logiques  dans  les 
parties  de  la  Savoie,  du  Piemont,  et  de  la  Suisse  voisines  du  Mont 
Blanc.'     1868. 

Vavin,  J.  Rentier  de  Tile  Jersey.  1866.  Presented  by  the  DSpot 
de  la  Marine. 

Victoria.  Reports  of  the  Mining  Surveyors  and  Registrars.  Quarter 
ending  30th  September  1867.  1867.  Presented  by  the  Colonial 
Government. 

Walker,  J.  F.  Fossils  contained  in  a  Lower  Greensand  deposit  of 
phosphatic  nodules  in  Bedfordshire.     1866. 

.     On  some  new  Coprolite-workings  in  the  Fens.     1867. 
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IV.  BOOKS  PURCHASED  FOR  THE  LIBRARY. 

Milne-Edwards.  Rccherchcs  anatomiques  et  paleontologiques  snr 
les  Oisoaux  Fossiles  de  la  France.     Livr.  14,  15.     1867. 

Paleontologic  Fran^aisc.  Terrain  Cretacc.  Vol.  viii.  livr.  24.  Zoo- 
phytes, par  M.  de  Fromentel.     Texte,  feuillcs  19  k  21;  Atlas, 

planches  73  k  84. 

Paykull,  C.  W.     En  Sommer  i  Island.     1867. 

Schenk,  A.  Die  fossile  Flora  der  Grenzschichton  des  Eeupers  und 
Lias  Fraiikens.  5.  u.  6.  Lief.  Taf.  xxi.-xxx.  und  Text-Bogen 
xvii.-xxiv.     1867. 

Weinkauff,  H.  C.  Die  Conchylien  des  Mittelmecres  ihre  gcogra- 
phische  und  geolog^scho  Verbreitung.    Band  I.  MoUusca  acephala. 

18G7. 
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April  22,  1868. 


The  Rev.  John  Came,  Penzance;  J.  Whitaker Hulke,  Esq.,  F.R,S., 
F.C.S.,  10  Old  Burlington  Street,  W. ;  and  Lewis  Thomas  Lewis, 
Esq.,  Gadlys,  Aberdare,  were  elected  Fellows. 

The  following  communications  were  read : — 

1.  On  the  Disposition  o/Iron  in  varieoated  Strata. 
By  George  Maw,  Esq.,  F.L.S.,  F.G.S.,  «fec. 

(Plates  XI.-XV.) 

CoNTEyTS. 

1.  Literature. 

2.  The  states  of  oombination  of  iron  in  the  principal  stratified  rocks. 

3.  The  priraarj  condition  of  iron  in  red  beos. 

4.  The  oleaching  of  red  beds  due  to  abstraction  of  the  colouring  oxide. 

5.  Discoloration  and  bleaching  connected  with  joints. 

6.  The  variegation  of  the  Keuper  marls. 

7.  The  influence  of  organic  matter  in  inducing  varieeation, 

8.  Variegation  due  to  the  decomposition  of  bisulphide  of  iron, 

9.  Vari^ted  Cambrian  slates. 

10.  The  discoloration  of  red  beds  by  lime  and  magnesia. 

11.  The  condition  of  the  iron  in  the  depleted  areas  of  red  ftnd  purple  beds. 

12.  The  ferruginous  banding  of  yellow  sandstones. 

13.  The  variegated  iron-ore  deposits  of  the  Northamptonshire  Oolites. 

14.  Dbposition  of  manganese  in  variegated  strata. 

15.  General  conclusions. 

Of    those  secondary  changes  which  have  modified  the  original 
chemical  and  physical  constitution  of  rocks  none  seem  to  b»:^«  xcist^ 
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largely  affected  their  aspect  than  the  recombinations  and  rearrange- 
ment of  iron. 

In  continuation  of  this  subject,  treated  of  in  a  short  paper  read 
before  this  Society  last  year  *,  the  following  communication  reci)rds 
some  further  observations  on  those  forms  of  ferruginous  variatiun 
which  ai)poar  to  have  been  due  to  secondary  causes,  subsequent  to 
original  mechanical  deposition. 

1.  Lifemture, — It  may  be  convenient  in  the  first  place  to  give  a 
short  resume  of  the  p^e^•ious  geological  and  chemical  i)ai)er8  that 
directly  refer  to,  or  bear  on  the  subject. 

Sir  Henry  James,  in  a  short  paper  dated  May  the  loth  1S43, 
publislied  in  the  *  London,  Edinburgh,  and  Dublin  Philosophical 
Magazine  '  for  July  1S43,  notices  that  the  disposition  of  the  bluish- 
green  discoloration  of  the  Old  and  New  Ked  Sandstones  is  indepen- 
dent of  stratigraphical  arrangement,  and  suggests  that,  as  the  light 
lines  and  blotches  arc  generally  adjacent  to  joints,  the  cause  of  the 
discliarge  of  colour  is  due  to  infiltration.  The  author,  in  a  note  to 
this  paper,  also  refers  to  an  observation  by  Mr,  Mallet,  that  "if 
througli  a  fissure  in  a  rock  containing  peroxide  of  iron  a  stream  of 
water  should  pass  containing  an  earthy  sulphate  and  organic  matter, 
the  sulpliato  will  be  decomposed,  and  sulphuretted  hydrogen  evolved. 
which  might  reduce  the  peroxide  of  iron  to  a  lower  oxide,''  With 
reference  to  this  suggestion,  I  will  here  only  observe  that  the  pre- 
sence of  8uli»hato  of  lime  in  the  Keuper  marls  of  Cheshire  and  Der- 
byshire seems  to  have  no  relation  to  their  variegation,  as  the  bands 
and  crystals  of  gypsum  occur  in  contact  ivith  both  the  red  and  the 
grey  i)ortions,  jind,  furthermore,  the  grey  blotches  in  the  marl  often 
occur  indci)endently  of  the  presence  of  joints. 

Sir  Henry  de  la  Beche,  in  the  first  volume  of  the  *  Memoirs  of  the 
Geological  Survey/  published  in  1 840,  p.  254,  refers  to  the  alterna- 
tion at  Aust  CHff,  Gloucestershire,  of  red  marls  of  the  Keuper  with 
blue  or  greenish  bands,  and  gives  analyses  of  each,  indicating  a 
nearly  similar  composition,  excepting  that  the  iron  in  the  blue  marls 
was  said  to  exist  wholly  in  a  state  of  protoxide,  and  in  the  red  as  a 
mixture  of  protoxide  and  ses(]uioxide,  the  amount  of  iron  in  each 
being  nearly  identical ;  and  he  attributes  the  difFerence  of  colour  to 
the  reduction  of  sosquioxide  to  protoxide  by  the  agency  of  decaying 
organic  matter  in  the  lighter  parts  of  the  marl.  At  pp.  52,  53,  57, 
&  207,  reference  is  also  made  to  the  particoloured  strata  of  the  Old 
Ilcd  Sandstone,  in  the  grey  beds  of  which  carbonaceous  matter  and 
protoxide  of  iron  are  said  to  occur,  whilst  in  the  red  beds  the  iron 
was  found  to  be  wholly  in  a  state  of  sesquiozide. 

The  next  paper  bearing  on  the  subject  is  one  by  Dr.  J.  W.  Daw- 
son, in  the  Quarterly  Journal  of  the  Geologicid  Society,  vol.  t. 
p.  25,  road  May  31st,  1848,  relating  to  the  red  beds  of  Noyb  Scotia. 
It  discusses  the  question  whether  the  sosquioxide  of  iron  colouring 
them  is  in  its  primordial  condition,  or  the  result  of  a  Becondary 
change  from  the  decomposition  of  iron  pyrites ;  which  latter  view 
the  author  supports,  and  attributes  the  blotchy  discoloration  to  Um 

*  Quart.  Joum.  Geol.  Soc.  yoI.  zxiii.  p.  114. 
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reconversion  of  the  sesqnioxide  into  bisulphide  by  the  action  of  sul- 
phuretted hydrogen  produced  in  the  decay  of  organic  matter,  and 
supposes  that  a  dischai^e  of  colour  may  also  have  been  due  to  the 
acids  produced  in  the  putrefaction  and  decay  of  moist  vegetable 
matter. 

Dr.  Sterry  Hunt,  in  a  paper  on  "  Chemical  Geology/'  read  before 
this  Society,  June  5th  1859,  and  published  in  vol.  xv.  of  the  Quar- 
terly Joumal,p.  488,  also  supports  the  view  of  Dr.  Dawson,  that  the 
elimination  of  iron  from  some  sedimentary  strata  is  due  to  the  re- 
duction of  the  sesquioxide  to  a  soluble  protoxide  by  the  action  of 
organic  matter. 

Mr.  H.  C.  Socby,  in  a  paper  on  the  origin  of  slaty  cleavage,  in  the 
*  Edinburgh  New  Philosophical  Journal '  for  July  1853  (p.  3),  in- 
cidentally refers  to  the  bleaching  of  slates,  and  attributes  the  forma- 
tion of  the  pale  blotches  to  '*  concretions  of  a  peculiar  kind  formed 
round  bodies  lying  in  the  plane  of  bedding." 

Mr.  H.  C.  Sorby,  in  a  paper  in  the  *  Proceedings  of  the  Geologi- 
cal and  Polytechnic  Society  of  the  West  Hiding  of  Yorkshire '  for 
1856-57,  "  On  the  Origin  of  the  Cleveland  Hill  Ironstone,"  describes 
the  replacement  of  carbonate  of  lime  by  carbonate  of  iron  in  shelly 
limestone  from  the  Inferior  Oolite — a  process  which  will  have  to  be 
referred  to  as  a  probable  agent  in  the  production  of  a  peculiar  form 
of  variegation  in  the  Northamptonshire  Oolites. 

Mr.  Pengelly,  in  a  paper  on  the  **  Rod  Sandstones,  Conglomerates, 
and  Marls  of  Devonshire,"  read  before  the  Plymouth  Institution  and 
Devon  and  Cornwall  Natural  History  Society,  March  19th  1863, 
and  published  in  the  'Transactions'  of  that  body  for  1862-63, 
pp.  15-38,  dissents  from  the  conclusions  of  Dr.  Dawson,  that  the 
colour  of  rod  beds  is  the  result  of  a  secondary  process,  and  enters 
minutely  into  the  circumstances  of  the  variegation  of  the  red  beds  of 
Devonshire.  To  this  valuable  memoir  I  shall  have  occasion  farther 
to  refer  in  the  body  of  the  paper.  Although  the  author  expresses  no 
definite  conclusions,  I  believe  the  facts  pointed  out  for  the  first  time 
by  Mr.  Pengelly  are  suggestive  of  the  true  explanation  of  many  of 
the  phenomena  of  variegation,  and,  I  may  add,  agree  with  the  views 
I  suggested  in  the  paper  read  last  year  before  the  Society,  although 
I  was  not  at  the  time  aware  of  several  of  the  facts  Mr.  Pengelly  had 
recorded. 

In  a  paper  on  the  **  Chemistry  of  some  Carboniferous  and  Old 
Red  Sandstones,"  read  by  Mr.  J.  W.  Young  before  the  Geological 
Society  of  Glasgow  in  March  1867,  the  light  blotching  of  Red  Sand- 
stones is  attributed  to  the  presence  of  some  organism  in  the  sand, 
the  decomposition  of  which  has  reduced  the  sesquioxide  to  protoxide 
of  iron,  which  would  be  subsequently  removed  as  carbonate  by  water 
containing  carbonic  acid  percolating  the  mass;  and  reference  is 
made  in  this  paper  to  an  observation  by  Mr.  James  Bennie,  "  that 
sand  in  contact  with  decaying  roots  or  twigs  is  often  found  to  be 
partially  bleached." 

The  paper  by  Mr.  Edward  Davies,  of  Liverpool,  on  the  *'  Action  of 
heat  or  ferric  hydrate  in  presence  of  water,"  at  p.  69  of  vol.  iv.  (new 
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series),  for  1866,  of  the  *  Journal  of  the  Chemical  Society  of  Lon- 
don,' records  some  important  experiments  bearing  on  the  subject  of 
the  colour  of  red  beds. 

Professor  Brush,  of  Yale  College,  U.  S.,  in  a  paper  on  the  "  Native 
Hydrates  of  Iron,"  at  p.  219  of  the  vol.  for  1867  (new  series, 
no.  xliii.)  of  the  'American  Journal  of  Science,'  describes  the  cha- 
racters of  several  definite  hydrous  sesquioxides  of  iron,  and  also  re- 
fers to  the  investigations  of  Mr.  Davies  as  doing  away  with  the  ne- 
cessity of  the  supposition  of  great  heat  to  account  for  the  presence  of 
anhydrous  hsBmatitc. 

Dr.  J.  Low,  in  a  paper  on  the  "  Carstone  of  West  Norfolk,"  read 
before  the  British  Association  at  Norwich,  this  year,  attempts  to  ex- 
plain the  formation  of  ferruginous  nodules  in  the  white  sands  of 
the  Lower  Greensand  by  the  infiltration  of  ferruginous  matter  and 
its  segregation  around  organic  substances. 

On  the  subject  of  the  bleaching  of  ferruginous  rocks  by  organic 
matter,  I  would  also  refer  to  a  paper  by  Kindler,  published  in  *  Pog- 
gendorflfs  Annalen '  (vol.  xxxvii.  p.  203),  and  noticed  in  '  Bischofs 
Chemical  and  Physical  Geology '  (vol.  i.  p.  166,  English  edition), 
and  also  to  Bischofs  own  experiments  on  the  reduction  of  sesqiii- 
oxide  of  iron  to  protoxide  by  organic  matter  (*  Chemical  and  Physical 
Geology,'  English  edition,  vol.  iii.  p.  1),  as  bearing  on  the  theory  ad- 
vanced by  Dr.  Dawson,  but  which  seems  to  be  only  of  limited  ap- 
plication in  accounting  for  the  variegation  and  discoloration  of  red 
beds. 

2.  The  States  of  Combination  of  Iron  in  the  principal  Stratified 
Bocks, — To  more  readily  describe  the  various  forms  of  mottling  and 
variegation  which  are  the  subject  of  the  following  analysis,  it  will 
be  necessary  to  refer  to  the  states  of  combination  of  the  iron  perva- 
ding the  principal  stratified  rocks  as  a  colouring-matter. 

Very  prominent  in  connexion  with  the  subject  of  variegation  are 
the  red  beds,  including  the  Trias  and  Devonian,  and  also  portions 
of  the  Carboniferous,  Permian,  Tertiary,  and  other  formations, 
which  are  coloured  with  from  4  to  15  per  cent,  of  the  anhydrous 
sesquioxide,  and  contain,  also,  small  amounts  of  hydrous  sesquioxide, 
carbonate  of  protoxide,  and  silicates  of  iron. 

The  following  analysis,  by  Mr.  David  Forbes,  of  red  clay  occurring 
as  a  stratum  7  or  8  feet  thick  at  about  the  middle  of  the  Shropshire 
Coal-measures,  may  be  taken  as  representing  the  general  composition 
of  the  unaltered  portions  of  many  red  beds  that  have  been  subject 
to  partial  bleaching. 

Analysis  No.  74.  Red  "  Tile  Clay,"  Shropshire  Coal-measures, 
Calcotts,  near  Broseley.  (The  coarse  particles  had  been  previously 
removed  by  passing  the  clay  through  a  fine  lawn  sieve.) 

Bilica  combined,  29*71  \  raj^ 

Silica  free,  34-35/  ^^ 

Titanic  acid   0-62 

Alumina '. 20*60 

Seequioxide  of  iron  6*84 

Protoxide  of  iron  0*32 

Protoxide  of  mangETMM  0O9 
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lime  0-12 

Magnesia    0*04 

Potash OUl 

Soda 0-44 

Water  with  traces  of  organic  matter  ...  5*85 

^•89 

The  following  analyses,  however,  indicate  that  the  depth  of  colour 
of  similar  strata  charged  with  the  red  anhydrous  sesquioxide  is  less 
directly  related  to  the  amount  of  colouring-matter  present  than  to  its 
state  of  subdivision ;  for  instance,  the  red  clays  of  the  Argile  plastique 
of  the  Paris  Basin,  and  of  the  variegated  Neocomian  beds  near  Beau- 
vais,  contain  nearly  20  per  cent,  of  red  sesquioxide,  whilst  many 
sandstones  of  similar  colour  contain  less  than  from  one-fourth  to 
one-eighth  of  the  amount.  In  the  one  case  it  is  in  a  state  of  fine 
subdivision,  evenly  disseminated,  throughout,  and  intimately  asso- 
ciated with  the  mass,  whilst  in  the  red  sandstones  it  frequently 
occurs  merely  as  a  surface-coating  to  the  individual  grains,  as,  for 
example,  in  the  red  Millstone-grit  of  Cumberland,  and  part  of  the 
Keuper  of  Shropshire, 

In  the  Old  Ked  Sandstone  of  Forfarshire  the  colour  seems  to  be 
evenly  disseminated  through  the  grains,  and  to  have  been  derived 
from  the  breaking-up  of  an  older  red  rock.  In  tracing  the  sources 
of  materials  from  which  red  beds  have  been  derived,  the  mechanical 
condition  of  the  colouring  oxide  is  a  point  of  considerable  interest, 
as  indicating  whether  they  were  formed  from  original  red  beds  or  by 
the  association  of  ferruginous  matter  with .  the  other  detritus  at  the 
time  of  deposition. 

Many  grey  and  bluish-grey  beds  contain  a  large  proportion  of 
sesquioxide  of  iron.  Its  precise  condition  seems  to  be  scarcely  un- 
derstood, and  to  be  worth  fuller  investigation.  In  some  cases  its 
normal  red  or  yellow  colour  is  evidently  obscured  by  the  presence 
of  carbonaceous  matter ;  but  in  many  grey  beds  which  contain,  by 
analysis,  a  large  proportion  of  sesquioxide  of  iron,  the  amount  of 
carbon  is  not  nearly  enough^to  account  for  the  obliteration  of  the  nor- 
mal red  or  yellow  colour.  The  colours  of  the  anhydrous  and  hy- 
drous sesquioxide  are  given  in  figs.  1  &  2,  PI.  XI.  Burnt  red 
earthenware,  red  bricks,  and  Venetian-red  may  be  cited  as  familiar 
examples  of  the  colour  of  the  anhydrous  form.  The  hydrous  ses- 
quioxide imparts  a  tint  ranging  from  dull  brown  to  bright  yellow ; 
and  its  presence  in  association  with  the  anhydrous  form  tends  to 
reduce  the  brilliancy  of  the  colour  of  red  beds.  There  are  also  se- 
veral lower  hydrates  of  sesquioxide  intermediate  in  colour  between 
the  fully  hydrous  and  the  anhydrous  form  ;  but  it  is  not  practicable 
to  distinguish  them  by  analyses  in  the  presence  of  aluminous  and 
other  hydrates. 

When  occurring  separately  in  juxtaposition,  as  in  the  Folkestone 
beds  of  the  Lower  Greensand  and  in  the  Lower  Bagshot  beds,  the  rich 
blood-red  of  the  anhydrous  sesquioxide  and  the  golden  yellow  of 
the  fully  hydrous  sesquioxide  form  a  marked  contrast ;  but  when 
they  arc  concentrated  to  the  extent  of  15  or  20  per  cent,  in  the  matrix, 
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they  generally  both  assiune  a  brown  colour,  and  are  not  so  easily 
distinguished. 

Of  the  colour  of  the  carbonate  of  protoxide  (fig.  3,  Plate  XI.)  the 
cold  grey  of  Purbeck  marble  and  some  limestones  may  be  mentioned 
as  examples.  Between  this  cold-grey  and  the  yellow  and  brown 
varieties  every  gradation  of  colour  occurs,  in  proportion  to  the  ex- 
tent of  admixture  with  the  hydrous  sesquioxide,  which  is  readily 
formed  as  a  secondary  product  by  the  peroxidation  of  the  carbonate. 

The  hydrous  sesquioxide,  which  occurs  so  universally  as  the 
colouring-matter  of  yellow  sandstones,  appears  often  to  have  been  a 
secondary  product,  formed  by  the  hydration  of  the  anhydrous  sesqui- 
oxide ;  and  the  carbonate  of  protoxide  of  iron  taken  up  in  a  state  of 
solution  by  an  access  of  carbonic  acid,  becomes  immediately  on  rede- 
position  converted  into  the  hydrous  sesquioxide,  a  feuniliar  example 
of  which  occurs  in  the  formation  of  ochreous  tufa  on  the  deposition 
of  the  c€u:bonates  of  lime  and  iron  from  carbonated  springs. 

In  contrast  with  the  unstable  chai'acter  of  the  carbonate  of  iron 
deposited  from  a  carbonated  solution,  may  be  noticed  the  permanent 
condition  of  the  mineral  carbonate  occurring  in  the  form  of  s^re- 
gated  nodules  in,  and  evenly  distributed  through,  strata  charged 
with  carbonaceous  matter — a  fact  to  be  referred  to  in  considering  the 
probability  of  the  bleached  patches  in  red  beds  being  due  to  the 
presence  of  organic  matter. 

Of  the  strata  containing  protocarbonate  of  iron  may  be  enume- 
rated the  grey  beds  of  the  Coal-measures,  the  Oolites,  and  the  Ter- 
tiaries,  of  which  the  following  are  some  analyses. 

Analysis  No.  30,  of  Grey  Clay  from  Bovey  Tracey  Lignite  deposit. 
Protoxide  of  iron 0*49  percent. 

Analysis  No.  31,  of  Ganie  Clay  (Fire-clay),  Shropshire  Coal-measures. 

Protoxide  of  iron 1*48  per  cent. 

Analysis  No.  32,  of  Pcnnystone  Clod,  Shropshire  Coal-measures, 

Benthall,  near  Broseley. 

Protoxide  of  iron 3*75  per  cent 

These  determinations  do  not  include  the  carbonate  of  iron  occur- 
ring as  segregated  nodules. 

Analysis  No.  36,  by  Dr.  Voelcker,  of  Grey  Clay,  Coal-measures,  Wyre 

Forest,  Worcestershire. 

Iron,  mostly  as  protoxide,  but  with  traces  of  basic 
sulphate  of  sesquioxide  and  sulphate  of  protoxide  3*88  per  cent. 

Bisulphide  of  iron...  {sSph;;r;!!  0^} ^'^^^     »' 

Analysis  No.  37,  by  Dr.  Voelcker,  of  London  Clay,  Bawdsey  Cliff, 

Suffolk. 

Iron,  mostly  as  protoxide,  but  with  traces  of  pro- 
tosulphate  ana  basic  sulphate  1*68  per  cent 

Bi»lphide  of  inm  ...  {^;Sphur;:;  0-^} ^^1      " 
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Analysis  No.  64,  by  Dr.  Voelcker,  Kimmeridge  Clay,  Chapman's 

Pool,  near  Kimmeridge,  Dorsetshire. 

Protoxide  of  iron 1*45  per  cent. 

Sesquioxide  of  iron 1*04       „ 

Bisulphide  of  iron 0-86  {  S;^^]^  »•.*« 

Sulphate  of  lime 0*35  per  cent. 

Carbonate  of  lime   34*28        „ 

Analysis  No.  65,  by  Dr.  Voelcker,  Kimmeridge  Clay,  near  Calne. 

Protoxide  of  iron 2*08  per  cent 

Sesquioxide  of  iron 4*32      „ 


Bisulphide  of  iron  I'^sj^j^f  ::'g:2« 

Sulphate  of  lime 5*34  per  cent 

Carbonate  of  lime    4*28      „ 


Analysis  No.  66,  by  Dr.  Voelcker,  Oxford  Clay,  Brick-works,  Canal 

Bank,  Chippenham. 

Protoxide  of  iron 1*12  per  cent. 

Sesquioxide  of  iron 3*25      „ 

Bisulphide  of  iron  Mof&^^l? 

Sulphate  of  lime 1*37  per  cent. 

Car  Donate  of  lime   none. 

The  carbonate  of  protoxide  has  but  a  weak  colouring-power ;  and 
the  grey  colour  of  the  strata  in  whch  it  occurs  is  generally  due  to 
the  presence  of  carbonaceous  matter,  which  also  obscures  the  colour 
of  any  accompanying  sesquioxide  of  iron. 

Bisulphide  of  iron  occurring  in  mechanical  admixture  is  common 
to  beds  of  all  ages  and  colours,  and  has  but  little  colouring-power. 

Iron  pervading  the  older  slate  rocks  occurs  in  almost  every  state 
of  combination,  and  in  all  varieties  of  proportion,  in  some  of  the 
Cambrian  slates  almost  exclusively  as  sesquioxide,  and  in  others  as 
protoxide. 

Iron  also  occurs  to  some  extent,  with  a  weak  colouring-power,  as 
the  basic  sulphate  of  sesquioxide  in  beds  in  the  lower  part  of  the 
Ashdown  Sands.  Its  production  from  the  decomposition  of  iron 
pyrites  will  have  to  be  referred  to  in  accounting  for  some  forms  of 
variegation. 

3.  On  the  Primary  C<yndUwn  of  Iron  in  Bed  Beds, — As  a  neces- 
sary introduction  to  the  subject  of  the  blotching  of  ferruginous 
strata,  reference  must  be  made  to  the  question  discussed  by  Dr. 
Dawson,  on  the  origin  of  the  colour  of  i^  beds,  and  the  primary 
condition  under  which  the  iron  was  deposited.  Dr.  Dawson  (Quar- 
terly Journal  of  the  Geological  Society,  vol.  v.  p.  25),  in  describing 
the  red  beds  of  Nova  Scotia,  suggested  that  the  sesquioxide  of  iron 
pervading  them  was  derived  from  the  oxidation  of  bisulphide  of  iron 
under  the  influence  of  heat  and  moisture ;  he  stated  that  bisulphide 
of  iron  is  largely  developed  in  the  older  rocks  of  Nova  Scotia,  and 
that  there  is  no  apparent  earlier  source  for  the  iron  in  a  state  of 
sesquioxide.     For  the  details  of  Dr.  Dawson's  views  I  would  refer 
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to  his  paper,  and  will  here  only  state  the  grounds  upon  which  they 
soem  open  to  (juestion. 

In  the  first  place,  the  condition  in  which  the  iron  occurs  in  hright- 
rcd  clays  and  sandstones  is  principally  that  of  the  anhydrous,  or 
slightly  hydrous  jMNsquioxide,  whilst  the  sesquioxide  ultimately  de- 
rivable from  the  decomposition  of  pyrites  is  the  yellow  hydrous 
form.  This,  however,  is  not  a  fatal  objection,  as  the  experiments  of 
Mr.  Edward  Davies,  F.C.S.,  of  Liverpool,  recorded  at  p.  69  of  the 
fourth  vohime  of  the  new  series  of  the  Chemical  Society's  Journal, 
prove  the  possibility  of  the  hydrous  ferric  oxide  being  reduced  to  a 
bi'iek-red  subliydrate,  containing  only  from  4  to  5  pi*r  cent,  of 
water,  by  prolonj^d  heat  in  the  presence  of  water,  at  temperaturea 
considerably  below  the  boUiiig-point. 

The  occiureuee  in  common  of  bisulphide  of  iron  both  in  red  beds 
and  ill  those;  containing  carbonate  of  iron  supplies  an  argument 
jigjiinst  tlie  derivation  of  tho  red  sesquioxide  from  its  decomposition ; 
indeed  the  decomposition  of  pyrites  seems  occasionally  to  htive  caused 
the  oUitt  ration  uf  a  pi'e<xist\nff  red  colour^  instead  of  htrvhuf  heiu  the 
(hfciit  in  its  j)ro(lurtion ;  but  this  point  will  be  considered  further  on, 
in  connexion  with  the  causes  of  variegation. 

Dr.  Dawson  further  suggests  that  sulphate  of  lime  in  red  beds 
may  be  an  incidental  product  of  the  oxidation  of  pyrites  in  con- 
tact with  calcareous  matter;  but  the  association  of  red  marU 
and  gyj>sum  is  by  no  means  general.  On  the  one  hand,  many  red 
marls  containing  calcareous  matter  are  entirely  dcToid,  or  con- 
tain but  a  mere  trace,  of  suljihate  of  lime*;  and  on  the  other,  gyp- 
sum and  selenite  as  frequently  occur  in  grey  beds  containing  car- 
bonate of  iron,  as,  for  instance,  in  the  Lower  Purbecks,  Oxford 
Clay,  Kimmeridge  Clay,  tho  French  Tertiaries,  and  the  grey  marls 
of  the  Muschelkalk  ;  and  the  occurrence  of  sulphuric  acid  seems  to 
bav(»  no  r(^gular  relation  to  the  presence  of  either  protoxide  or  ses- 
quioxide of  iron  in  strata. 

The  j)liysical  evidence  in  favour  of  the  primordial  occurrence  of 
the  anhydrous  sesquioxide  seems  also  as  strong  as  the  chemical.  In 
the;  first  place,  there  seems  no  immd  fade  reason  for  the  greater 
probability  of  the  detrital  accumulation  of  the  bisulphide  than  of 
the  red  sesejuioxide  ;  if  the  bisulphide  were  specially  characteristic 
of  the  earlier  rocks,  and  the  red  sesquioxide  of  the  more  recent  de- 
])osits,  the  probability  of  the  derivation  of  the  latter  suggested  by 
Dr.  Dawson  might  be  implied ;  but,  as  a  matter  of  fact,  dissemi- 
nated bisulphide  of  iron  is  much  more  abundant  in  the  Oolites, 
1/ondon  Clay,  &c.  than  in  the  earlier  rocks  of  Cambrian  and  Silurian 
age ;  and,  furthermore,  the  earliest  red  beds  (for  example  the  Old 
IJed  Sandstone),  containing  red  pebbles  not  merely  surface-coated, 
but  red  throughout  their  mass,  prove  the  detrital  derivation  of  their 
rod  colour  from  an  earlier  red  rock.  Tho  red  colour  of  the  pebbles 
is  clearly  not  the  result  of  a  change  of  colour  affecting  tho  entire 
mass  of  the  old  red  beds ;  for  they  are  associated  in  the  red  matrix 

*  StT  Annlvsis  of  KiMqior  xiiHrU.  i^iron  .it    p.  370.  Carboniferoiu    niarli* 
p.  .'>H.'\  and  ^rarncii  TriM'r",  p.  .'»SI. 


1868.]  MAW — YARIEOATED  STRATA.  359 

with  fragments  of  other  rocks  of  yarious  colours,  which  have  not 
been  so  changed,  and  also  with  derivatiTe  fragments  of  dark-red  marl 
containing  more  sexqnioxide  of  iron  than  the  general  matrix. 

4.  Oil  the  Bleaching  of  Bed  Beds  due  to  Abstraction  of  the  Colour^ 
ing  Oxide. — Whatever  may  have  been  the  primordial  condition  of 
the  sesquioxide  of  iron  pervading  red  beds,  the  occurrence  of  pale 
blotching  seems  to  have  almost  invariably  supervened  on  a  unifonnly 
red  colour  ;  in  short,  the  pale  portions  have  been  produced  on  a  red 
matrix,  and  not  the  red  colour  partially  introduced  on  a  lighter 
ground.  This  is  a  point  at  once  rendered  obvious  by  the  relative 
disposition  of  the  light  and  dark  colours. 

The  several  forms  presented  by  the  blotching  of  red  beds  have  been 
fully  described  with  reference  to  the  red  beds  of  Devon  in  the 
Memoir  by  Mr.  Pcngelly  already  noticed ;  and  the  accompanying  il- 
lustrations (figs.  4-11,  Plate  XL;  12-1 6, Plate  XH.;  27, Plate XIV.; 
and  figs.  41,  42,  44,  45,  49,  infra)  represent  the  principal  characte- 
ristics presented  by  the  phenomena  in  various  formations.  Of  all  the 
forms  that  variegation  takes,  the  occurrence  of  isolated  blotches  en- 
vironed on  all  sides  by  the  primordial  colour  seems  to  be  most  ob- 
viously independent  of  mechanical  arrangement.  In  the  red  beds 
of  the  Bunter,  Keuper,  Permian,  and  Carboniferous,  such  blotches 
are  of  common  occurrence,  and  are  more  often  than  otherwise  inde- 
pendent of  any  apparent  predisposing  cause. 

In  some  instances,  especially  in  the  Keuper  beds,  the  blotches  seem 
to  have  a  tendency  to  range  with  the  stratification ;  and  the  lines  of 
unconnected  light  patches  (fig.  13,  Plate  XH.)  merge  by  insensible 
gradations  into  regular  stratified  beds  of  alternating  colour.  In  other 
cases,  as  in  the  Permian  and  Gres  bigarr^  (figs.  8  &  9,  Plate  XI., 
and  fig.  12,  Plate  XII.),  the  blotching  is  altogether  independent  of 
the  lie  of  the  beds  ;  and  fields  of  light  colour,  obviously  of  secondary 
origin,  vertically  intersect  alternating  strata  of  different  physical 
character  and  composition ;  and  in  contrast  with  this  apparently  ad- 
ventitious disposition  must  be  noticed  the  occurrence  of  light  bands 
and  blotches,  the  localization  of  which  is  evidently  connected  with 
a  predisposing  cause,  such  as  the  existence  of  vertical  and  horizontal 
joints,  and  of  mechanical  nuclei,  as  pebbles  of  various  rocks,  fragments 
of  fossils,  &c. 

Perhaps  the  most  perplexing  point  in  connexion  with  the  pheno- 
mena is,  on  the  one  hand,  the  apparently  adventitious  occurrence  of 
the  discoloured  areas,  and,  on  tlie  other,  their  occasional  connexion 
with  predisposing  causes — and  yet,  at  the  same  time,  the  evident 
identity  of  the  two  extremes,  which  are  connected  by  every  variety 
of  intermediate  grade :  for  instance,  variegation  apparently  deter- 
mined by  a  line  of  joint  will  branch  out  and  spread  itself  irregularly 
into  an  unjointed  mass,  and  this  again  leads  up  to  a  group  of  isolated 
blotches;  again,  blotches  formed  concentrically  round  a  mechani- 
cal nucleus,  may  be  closely  associated  with  blotches  having  no  such 
centre,  and  blotches  both  with  and  without  a  nucleus  of  segr^ation 
may  occur  on  the  same  piece  of  stone. 

Another  point  to  be  noticed  is  the  entire  independence  of  the 
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mngo  of  these  discoloured  areas  in  relation  to  the  mechanical  com- 
position of  the  stratum,  which  is  well  shown  in  fig.  1 4,  Plate  XII., 
rcpresentinfif  a  portion  of  the  Old  Red  Conglomerate  of  Forfarshire, 
composed  for  the  most  part  of  red  pebbles  held  together  by  a  com- 
miuutod  sandstone  of  the  same  material.  In  this  example  the 
blotches  of  secondary  discoloration  range  in  common  through  the 
impervious  pebbles  and  the  red  matrix.  In  some  instances  the 
chemical  nuclei  of  the  light  blotches  occur  in  the  sandstone  ground, 
whilst  the  range  of  bleaching  extends  into  the  pebbles  that  happen 
to  come  within  its  radius ;  and  in  others  the  segregated  nucleus 
occurs  in  the  verj'  body  of  the  pebble,  whilst  the  circumscribing 
area  of  discoloration  spreads  itself  in  common  partly  through  the 
pebble  and  partly  tlirongh  the  surrounding  sandstone. 

A  more  sin^ar  case  than  this  occurs  in  the  Carboniferous  lime- 
stone at  Trevor,  near  Llangollen,  where  an  iuterstratificd  layer  of 
red  gravel  (fig.  7,  Plate  XI.),  probably  derived  from  the  Old  Red  beds, 
is  pcnncatcd  by  bands  of  greenish  discoloration,  which  run  through 
the  loose  mass,  affl'cting  the  one  half  of  individual  pebbles  that  in- 
tersect it«  line  of  boundary,  leaving  the  other  half  unchanged.  This 
])artial  change  of  colour  cannot  be  the  effect  of  mere  infiltration, 
because  the  j)e])bles  lie  loosely  without  the  slightest  cohesion,  so  that 
any  wat(}r  passing  through  one  i)art  of  the  bed  must  have  pervaded 
the  whole  mass. 

The  more  common  forms  of  variegation  of  red  beds  are  so  familiar 
to  geological  observers  that  any  further  general  description  is  un- 
necessary, and  it  now  remains  to  consider  the  chemical  composition 
of  th(;  several  coloured  areas. 

The  following  analyses  have  been  made  with  special  reference 

( 1 )  to  the  amount  of  the  colouring  oxide  and  of  the  metallic  base, 

(2)  to  its  state  of  combination  in  the  several  coloured  areas,  and 
(J3)  to  general  composition  in  relation  to  variation  of  colour. 

The  first  example  (Analyses,  Nos.  0,  7,  8)  is  a  nucleated  form  of 
variegation  of  Permian  Sandstone  near  Coalport,  Shropshire  (fig.  9, 
Plate  XL),  Aiz.  a  red  ground  mottled  with  light  blotches  concon- 
trically  surrounding  much  darker  nuclei. 

No. 

0.  The  rod  ground  contained Protoxide  of  iron      0*5^1  Metallic  iron 

„  „  „  SeHquiozide  of  iron    l'520j  1*470  percent 

7.  The  dark  central  nucleus  Protoxide  of  iron       06401  Metallic  iron 

Sesquioxide  of  iron  \22iiO  J  9<X)0  per  cent 


»i  f»  »t 


8.  Light  zone,  surrounding  nucleus  Protoxide  of  iron       0*0101    Metallic  iron 

Sesquioride  of  iron   0*700  j  0*491  per  cent 


tt  »i  i> 


A  somewhat  similar  disposition  of  colour  occurs  in  the  Permian 
Sandstone  penetrated  in  sinking  the  new  coal-pits  at  Kemberton, 
near  Madeley,  Shropshire  (fig.  8,  Plate  XI.),  in  which  not  only  the 
spherical  nucleated  blotches  occur,  but  also  discoloured  bands  with 
a  central  dark  line  of  sesquioxide  of  iron  intersecting  ohliquely  ike 
hif4h  of  strati ficat ion — a  fact  which  suggests  that  the  varie^itioii  in 
this  case  coiild  not  have  been  induced  by  anything  intcrbedded  with 
the  deposition  of  the  sandstone. 


1868.]  MAW VARIEGATED  STRATA.  361 

In  some  examples  of  this  class  of  yariegation  the  dark  nuclei 
occur  in  such  close  contiguity  that  the  whole  of  the  original  red 
ground  seems  to  have  been  exhausted,  leaving  a  uniformly  light  field 
containing  the  dark  spots  of  segregation  irregularly  disposed.  In 
some  portions  of  the  Millstone-grit  the  individual  nuclei  of  the  re- 
arranged sesquioxide  of  iron  are  so  small  that  they  give  portions  of 
the  sandstone  a  freckled  appearance,  lighter  than  the  general  red 
ground,  with  which  they  alternate  in  irregular  blotches.  This  is 
seen  in  the  Carboniferous  sandstone  (Millstone-grit?)  that  overlies 
the  Mountain-limestone  at  Lamanby  and  Blencow,  near  Penrith, 
of  which  the  Penrith  station  is  biult.  Some  of  the  larger  dark 
blotches  are  also  nuclei  of  segregation;  but  most  of  them  are 
mechanically  rounded  lumps  of  soft  haematite,  occurring  both  in 
the  red  and  the  discoloured  portions.  Such  a  combination  of  me- 
chanical and  secondary  causes  occasionally  produced  some  singularly 
complex  arrangements  of  colour,  which  at  a  first  glance  are  difficult 
to  understand. 

The  points  to  be  particularly  noticed  with  reference  to  the  Coal- 
port  example  are,  1st,  that  the  bleached  zone  appears  due  to  the 
withdrawal  of  the  colouring  sesquioxide  from  the  red  ground  into 
the  central  nucleus,  the  one  containing  less  and  the  other  more  than 
the  normal  colour,  and,  2ndly,  that  there  is  no  evidence  of  change  in 
the  state  of  combination  of  the  iron,  except  that  the  segregated  ses- 
quioxide becomes  hydrous.  In  all  three  shades  of  colour  the  iron 
principally  occurs  as  sesquioxide ;  and  the  slight  differences  of  the 
proportions  of  protoxide  and  sesquioxide  are  so  irregular  that  they 
appear  unconnected  with  the  variegation. 

Some  remarkable  forms  of  this  tricoloured  variegation  occur  in  the 
Gr^s  des  Yosges,  or  Upper  Permian,  of  the  East  of  Prance.  Fig.  6 
(Plate  XI:)  represents  an  example  of  fissile  flagstones  from  the  south 
of  Raon  FEtape,  Yosges,  in  which  bleached  layers  occur  ranging 
with  the  stratification,  accompanied  by  the  rearrangement  of  the 
sesquioxide  of  iron  as  dark  nuclei  in  the  bleached  bands ;  and  in 
some  stones  of  the  Gr^s  bigarrd  or  Lower  Trias  in  the  basement  of 
the  Palace  of  Industry,  Paris  (fig.  12,  Plate  XII.),  the  red  sesqui- 
oxide has  become  converted  into  the  yellow  hydrous  sesquioxide, 
accompanied  by  its  segregation  into  nuclei  which  are  ranged  in  lines 
near  the  boundary  of  the  area  of  discoloration. 

The  Lower  Bagshot  beds  near  Wareham  (fig.  23,  Plate  Xm.)  pre- 
sent some  complicated  arrangements  of  colour  due  to  secondary 
causes,  of  a  somewhat  similar  character.  The  primordial  bright  red 
colour  of  these  variegated  beds  was  evidently  due  to  anhydrous  ses- 
quioxide of  iron ;  this  has  assumed  the  hydrous  condition  in  irr^rdar 
yellow  blotches,  and  in  places  it  has  become  segregated  into  a  mul- 
titude of  small  nodular  concretions,  surrounded  by  light-grey  bleached 
zones  from  which  the  iron  has  been  abstracted ;  by  Sus  process  a 
singularly  beautiful  mottling  of  four  distinct  colours  has  been  pro- 
duced out  of  an  original  uniformly  red  bed. 

A  precisely  similar  form  of  variegation  exists  in  the  Neocomian 
beds  in  the  neighbourhood  of  Beauvais,  France,  where  fields  of  bright 
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red  and  yellow  intorlucc,  here  and  there  accompanied  by  nodular 
concretions  of  segregated  sesquioxide. 

Another  phase  of  variegation,  noticod  in  Mr.  Pengelly'B  memoir 
on  the  red  beds  of  Devon,  consists  of  dlBColourcd  zones  concentrically 
surrounding  a  pebble,  fragment  of  fossil,  or  other  mechanical  nucleus, 
and  evidently  localized  bv  the  occurrence  of  such  nucleus.  The  Old 
lied  beds  of  Scotland  (tig.  14,  Plate  Xll.)  and  the  red  conglomeratic 
of  Devon  (iig.  5,  Plate  XI.)  contain  frequent  examples  of  such  loss 
of  colour ;  and  tig.  4  (^  Plate  XI.)  represents  zones  of  discoloration  sur- 
rounding mechanical  fragments  of  shale  in  the  Gres  bigarre,  near 
Kaon  rEtai)e,  Vosges. 

Among  the  various  mechanical  nuclei  that  seem  to  have  deter- 
mined the  position  of  these  spheres  of  discoloration,  fragments  of 
Dev(Hiian  limestones  in  the  red  beds  of  Devon  are  of  frequent  occur- 
rence. In  a  discussion  on  a  previous  paper  relating  to  this  subject, 
read  during  the  late  session  of  the  Society  (1867),  it  was  suggested 
by  Mr.  Godwin- Austen  that  the  fragments  of  carbonate  of  lime 
might  have  arrested  the  peroxidation  of  the  iron,  or  reduced  the 
sescjuioxide  to  a  state  of  protoxide  in  immediate  contact  with  them, 
and  thus  have  produced  the  zone  of  discoloration  without  removing 
the  metallic  base. 

I  have  obtained  through  the  kindness  of  Mr.  Pengelly  an  example 
of  such  discoloration  from  Torbay  (fig.  5,  Plato  XI.),  and  procured 
a  detcnni nation  of  the  iron  and  lime  in  the  red  ground  and  the  area 
of  discoloration. 

Analysis  No.  9,  of  the  discoloured  zone,  indicated  0*81  per  Ci'nt.  of 
iron  almost  wholly  in  a  state  of  sesquioxide,  with  a  small  amount, 
viz.  0*15  per  cent.,  of  protoxide. 

Analysis  Xo.  lU,  of  the  red  ground,  gave  2-SS  per  cent,  of  iron, 
nearly  all  of  which  occurred  as  sesquioxide,  and  about  0*10  per  cent. 
as  protoxide. 

Both  the  red  and  the  discoloured  portions  contained  tlic  same 
amount  of  lime,  viz.  7'b-i  per  cent.  No  connexion  can  therefore  be 
traced  between  the  chemical  action  of  the  limestone  and  the  bleach- 
ing of  the  adjacent  zone  ;  and  we  have  here  again  merely  the  depar- 
ture of  the  greater  part  (in  round  numbers  three- fourths)  of  the 
colouring  oxide,  without  any  alteration  in  the  state  of  its  combi- 
nation :  indeed  it  seems  apparent  that  the  action  cannot  be  merely, 
if  at  all,  a  chemical  one  ;  for  fragments  of  Trap  and  other  rocks  pro- 
duce the  same  effect  in  the  Devonshire  red  beds,  and  in  the  Old  Hed 
beds  of  Forfai-shire  (fig.  14,  Plate  XII.)  and  the  red  beds  of  the  Gres 
des  Vosges  and  of  the  Ores  bigarre  of  the  Vosges  district  (fig.  4,  Plate 
XI.)  fragments  of  various  shales  and  rocks  are  concentrically  sur- 
rounded by  similar  zones  of  bleaching. 

The  great  majority  of  examples  of  variegation  in  which  there  are 
neither  segregated  nor  mechanical  nuclei  exhibit  similar  conditions, 
viz.  differences  in  the  light  and  dark  parts  merely  as  regards  the 
proportion  of  iron  present,  without  any  tdtcration  in  its  state  of  com- 
bination, or  change  in  the  composition  of  the  matrix. 

The  following  analysi's  are   of  red   Bunter   sandstone,  mottled 
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with  pale  blotches,  Ac,  from  a  cutting  on  the  Sevem  Valley  Boil- 
way,  between  T.inley  and  Bridgaorth,  eimilai  to  those  in  fig.  41 
from  near  Sbifinal. 


Fig.  41. — Variegated  Bunter  Sandstoru  near  Shi^nat,  Shropthi 


Analysis  No.  1,  of  the  red  gronnd,  indicated 

Water  of  comtHnation O'ftA 

Seequioiida  of  iron  1-30 

Alumbu O80 

Lime 0-35 

M«gn»«i»   076 

Insoluble  ailioeoiu  matter,  land 96'31 

10016 
Analysis  No.  2,  of  the  pale  blotches,  indicated 

Water  of  combination 0-46 

Sewjuioiide  of  iron  (MO 

Alumina 0-36 

lime  0^ 

MagneBla   0-63 

*  Insoluble  liliceoui  matter,  nnd 96'15 

lOOlB 
No  important  difierencea  exist  in  iho  general  composition  of  the 

red  and  bleached  parts ;  and  the  iron  occurring  in  both  was  almost 

entirely  in  a  state  of  aesquioxide. 

Seequiozide  of  iron,  in  the  light  and  dark  parts  of  the  Bnnter 

Sandstone  from  the  south  of  Bridgnorth,  was  found  to  be  similarly 

proportioned ; — 

■  The  insoluble  mlioeoiii  matter  in  Tfo.  2  ooniiited  of 

AJuminaand  bmcesof  Olid*  of  iron  1*97 

lime  O^ 

Ma«ne«a   0-40 

SiliM 9746 

100^ 


™l,.  of  ir 


Analysis  Xo.  ]'J.      Light  blottlit's 

PFotoiideofiron...  (H 

Seaquioiide  of  iron  3'( 

The  vari^atdoD  resulted  therefor 
two-thirds  of  the  oxides  of  iron  fron 
state  of  combination  of  the  remaiude 
Of  the  states  of  combinatioii,  and  i 
light  and  dark  parts  of  blotched  red 
are  examples. 

Soft  red  clay  mottled  with  buff,  Ij 

Uie  Snlphur-coal,  Shropshire  Coal-me 

Analysis  No.  15,  of  the  red  ground 

Protoxide  of  iron 0-6^ 

BMquioiideoflron  ll-6( 

SilioatM  of  iron    O'lu 

Another  analysis  (No.  35)  of  the  sai 
of  7'&4  per  cent,  of  scsquioxide  of  iron 
AnalywB  No.  16,  of  the  buff  blotchi 
tuned 

Protoxide  of  iron 0-90 

SMqitioxide  of  iron 4'20 

BUioatea  of  iron OM 

A  determination  of  the  iron  of  i 
blotches  (No.  16)  was  made  at  the  lal 
Unsenm  with  the  following  result: — 

^_  ^™{K:*:::;.::::;;; 
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Buff  blotches  in  red  marl  (Analysis  No.  5)  contained 

Seeqiiioxide  of  iron  2*779 

Protoxide  of  iron 1*468 

Traces  of  sulphur. 

The  general  composition  of  the  red  and  buff  portions  of  the  marl 
exhibited  no  material  difference. 

Red  Permian  marl,  with  bnff  blotches,  near  Bridgnorth : — 

Red  marl  (Analysis  No.  21,  Dr.  Voelcker)  contained 
Oxides  of  iron,  principally  sesquioxide 876  per  cent. 

Buff  blotches  on  red  Permian  marl  (Analysis  No.  22)  con- 
tained 
Oxides  of  iron,  principally  sesquioxide 3*67  per  cent 

Red  Marl,  Old  Red  Sandstone,  with  buff  blotches  (roadside,  Norley, 
near  Bridgnorth) : — 

Red  marl  (Analysis  No.  13)  contained 

Protoxide  of  iron 6*90"]  ^j,  .^,|.    .^„  ^.rv^ 

Sesquioxide  of  iron ^.q^^ | MetaUic  iron  700. 

Buff  blotches  on  No.  13  (Analysis  No.  14)  contained 

Protoxide  of  iron    0*541 

Sesquioxide  of  iron,  probably  1  o.gQ  •  Metallic  iron  6*44. 
hydrous    J 

The  blotching  of  the  red  beds  of  the  Wyre  Forest  Coal-field, 
Worcestershire  (fig.  27,  Plate  XIY.),  presents  another  phase  of  varie- 
gation, which  is  of  frequent  occurrence,  viz.  the  bleached  portions 
being  adjacent  to  an  overlying  bed  of  sandstone,  and  branching  out 
therefrom  into  the  general  mass  of  the  underlying  marl.  As  the 
disposition  of  the  fields  of  colour  is  very  suggestive  of  infiltration 
from  the  overl}ing  beds  in  contact  with  the  bleached  marl,  I  have 
procured  complete  analyses  of  the  red  and  the  bleached  portions. 

The  composition  of  the  clay,  railway-cutting  near  Bewdley,  Wor- 
cestershire (fig.  27,  Plate  XIV.)  was  determined  as  follows,  by  Dr. 
Voelcker, 

Analysis  No.  46  (red).  No.  47  (buff). 

Water  of  combination 632  4*49 

Sesquioxide  of  iron 12*21  3*44 

Protoxide  of  iron 0*40  0*61 

Bisulphide  of  iron  0*11  0*022 

Alumina  17*57  5*33 

Sulphate  of  lime 0*07  015 

Lime  in  a  state  of  silicate  0*71  0*71 

Magnesia 2*22  0*73 

Potash  and  soda 0*56  0*24 

Insoluble  silicates    60*29  84*35,  including : — 

SUica 50-23  65-30 

Oxides  of  iron  (weighed  as  sesquioxide)  1*19  1*59 

Alumina  633  14*33 

lime 071  0*52 

Magnesia 0*37  0*34 

AULalies  and  loss 1*46  2*27 

100-46  100-07 


to  connect  with  iniiltnition  from 
buff  occnr  ontirL'tv  environed  liy 
r,.  On  Di:<i-ol.»;!Hm,  „u4  IlUwh' 
tioii,  wliifh  hiis  eviilently  been  n 
enco  and  pogition  of  crocks  and  jo 
Vmia ;  one  of  which  may  be  dcac 
jomt-aurfaces  in  beda  contMning  c 
u  erideotly  connected  with  sa^&c 
imhee  in  proportion  to  the  deptl 
Fig.  20  (Plate  XIII.)  represents  a 
become  thoB  variegated  ;  and  fig.  i 
beds  of  the  Upper  Purbeek  marbl 
contrast  of  colonr  between  tho  bl 
oohreous  crust  following  the  line  o 
met  with  in  some  d^ree  in  all  joii 
iron.     This  form  of  secondary  varti 
f<^wing  analyses,  by  Messrs.  Johne 

No.  17.  Blue  Purbeck  marble  (fig 

Protoxide  of  iron 

8«*qui<iiide  of  iron 

No.  18.  The  rusty  crust  of  No.  17 

Protoxide  of  iron 

Stsquioiide  of  iron 

and  is  evidently  duo  to  the  partial  pen 
toxide,  there  being  hut  Utile  difiieren 
This  example  is  particularly  instruct 
the  alleged  dissolution  of  the  coloi 
bleaching  of  red  beds :  here  is  an  < 
with  theleast  insoluble  oxide  of  iron, u 
able  to  its  remnvni  t«.  j;-    ■ 
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first  example  is  reprcscuted  in  fig.  42,  of  a  vertical  bleached  line  io 
tbo  Bunter  Sundstone  between.  llnley  and  Bridgnorth. 

The  analysis  of  the  Kcd  Sandstone  (No.  1)  already  given  at  p.  363, 

showed  that  it  contained  I'Sper  cent. of 

Hcsquioxide  of  iron,  whilst  the  bleached    Fig.  42.  Bunter  Sand*ione, 

seam  contained  less  than  one  third  of      LinUif  near  Bndgnorth. 

the  amount,  the  general  composition  of 

the  stones  being  otherwise  ainulor 

A  rather  different  form  of  joint 
bleaching,  analyses  of  which  (Nos  11 
and  12,  p.  364)  have  also  been  given, 
is  represented  in  fig.  24,  PI.  XIII  of 
chocolate -coloured  Cambrian  Onts 
liayaton  Hill,  near  Shrewaburj ,  in 
which  the  diHcolourcd  bands  follow  the 
intersecting  lines  of  jointing  both  \  er- 
tically  and  horizontally,  often  isolating 
the  dark  ground  into  oblong  XmCk. 
shaped  forms,  entirely  surrounded  by 
the  bleached  bands.  In  this  the  same 
process  aeeniB  to  have  taken  place  as 
ia  the  case  of  the  Uuntcr,  there  being 
nearly  two-thirds  leas  iron  in  thi,  light 
than  the  dark  portions,  with  no  mute 
rial  difference  in  the  proportion  of 
protoxide  to  sesquiuxide,  the  insoluble 
Hesi|uioxide  being  the  condition  in 
which  it  chiefly  occurs  throughout 
the  rock.  Now  on  looking  at  these 
bleached  lines  tanging  with  the  pirmeable  joints  they  appear  at 
first  sight  due  to  some  kind  of  solubility  and  washing  out  of  the 
colouring- m atter ;  but  a  careful  examination  shows  that  there  is  ao 
essential  difference  between  them  and  the  isolated  spherical  blotchea. 
In  tho  vertical  bleached  lines  in  the  Bunter  (fig.  42),  the  discoloured 
line  is  here  and  there  interrupted  and  broken  up  into  isolated 
blotches.  In  the  Cambrian  griu  of  Shropshire  (fig.  24,  PI,  XIII.) 
every  gradation  occurs  between  the  discoloured  joint-linos  and  the 
completely  separate  bleached  patches;  indeed  all  these  example^ 
serve  to  show  how  capriciously  the  discolouring  action  has  been 
localized — in  some  cases  strictly  following  the  joints,  and  in.  others 
branching  out  into  irregular  masses  that  have  no  reference  to  them. 

In  comparing  these  two  forms  of  joint- variegation,  viz.  the  rust- 
ing of  beds  charged  with  protoxide,  and  tho  bleaching  of  those 
coloured  with  the  red  sesquioxide,  it  aeema  difficult  to  assign  to  in- 
filtratioD,  which  has  failed  to  remove  the  more  soluble  carbonate  of 
protoxide  of  iron  in  grey  beds,  the  power  of  removing  the  compara- 
tively insoluble  sesquioxide  of  iron  adjacent  to  the  joints  in  red  beds. 

In  considering  tho  subject  of  the  influence  of  organic  matter  in 
the  bleaching  of  red  beds,  certain  cases  will  be  referred  to  ia  which 
the  acids  formed  during  tho  decomposition  of  organic  matter  appear 
to  have  acted  as  solvents  of  scBquioiido  of  iron-,  tut  ftm  ^ekib.\, 
majority  of  caaca,  in  which  bleached  spots  tu^  jom^a  WiC^QX  va  ttA 

roL,  jjtr. — Fisi  1,  ^i> 
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[Aliril  21. 
dissolution  of  tlic 


builf,  inTsciit  fcaturfS  incoiiMsti-'fit  with  thi 
colourin^r  "xidf. 

The  inllui-iici'  of  jiiinln,  ajiaii  fnmi  tlicir  functions  na  cli.'inncN  -A 
intiltriitiiin,  will  :ilsii  In:  n'fiTri'd  to  in  cotiitiiU-iing  the  pUcnunuua 
of  the  iMiniUiii;  «f  yill'iw  windutonos  (s«  it.  HSU  >. 

There  is  u1mi>  nimlhcr  singular  form  of  butuling  iiiftueitccd  b_v  the 
prest'iiec  of  joiiitM,  vi/.  in  the  roek-mnKni-B  isolated  by  tlicni.  The 
b!ii]ili'il  |>ui']ile  nnd  gn-cn  beds  of  the  Couiston  (irita.  n-prvxcnted  in 
fig.  :tinri.  XI V. I,  utiil  in  fig.  43,  to  whiih  my  attention  vao  drawuliy 
FlfT.  ■!:(.  ll-^i'U'f  /»:;.I,'n„'/  ,,ran  Gii-.VMiI  Gritx.  A»HlK-irl;}u\-l 
>.f  Crummiii-h-  Wato-  bfd;  ti.n,ham,  rorl^hli-c: 


Vi'fi'-isor  llarliiiis.*  mid  Dr.  ^'luhiilaon,  prciient  thu  following  tba- 
;ic-tii-s.  The  wlmU-  luiiss  iif  the  vot-k  is  made  up  of  c-onct-ntrio  scrii* 
f  luiiTon-  puii>l<'  iiiid  tiTvi-n  biiud^,  disposed  wittiont  refort-neo  to  the 
li'.'iiilu'il  hiriK'tun?  cif  the  route,  ouch  nerit  of  coiicctitric  bunds  bring 
xiuiKli'd  by  till-  main  lines  of  jointing;  f»r  inslance,  in  a  triangular 
i:i-s  the  blinds  (Dureulrieally  fulhiw  its  throe  aides,  and  in  cubii-al 
iiii'liiiiis  hiive  -.i  Mpcirt,'  rlispiisiiion,  tending  to  curvllincur  forms 
■  iwutiU  tlie  eeiitres.  Ttie  finer  ci'ai-kf,  which  hiipijcn  to  die  out  and 
enuitiMti'  in  the  itndille  of  -.i  niiuis,  have  iilxo  curiously  intliionc^  the 
lii'ertioti  i>f  the  blinding,  eiuising.  It!)  in  tig.  :tO  (PI.  XIV.).  a  looping 
ndili'tli'rtiiiti  <if  ihepurph'and  green  lines,  as  though  ii  scriosof  od- 
iiiU'ing  lines  Jiiiii  bei.'ii  iim^tcd  tiiid  livbl  buck  where  intcnoctcd  by 
hi'  joints,  resullinj;  in  ;i  stmctnrc  resenibhng  and,  I  liclievc,  idciiti- 
al  in  pniieiple  ivilb  tlmt  of  folded  ugnten  (see  fig.  1,  pi.  xjii.  toI.  v. 
leolijgieid  Miig.'i/ine,  illnstnitiiig  Mr.  Ituskin's  pa{)er  on  ■'Banded 
lid  iSriu-eiiitoil  (.'i>niTetion>'').  Tlio  Ktules  of  combination  of  the  iron 
n  e:i<'b  portion  ix  fiiven  in  the  f»llowing  an.'dyses,  maile  in  the 
ulmriilory  of  the  Jluicum  of  lV,ictic!il  Ucologj-: — 

KeliTniiimtiim  <if  irmi  in  puriilc  and  gi-ecn  bands,  Coniston  Fings, 
ileiidofCmmmueh-Wuterbci-k.AiiMtwiek,  near Claphum,  Yorkshire. 
The  puqdo  bundn  (AniilysiH  fIJ)  contiiiiu'd  : — 

l-«   fPolubleii.  bTdrndiloriciuid ;J1(H  I 

'■^'tlnsoliibl.-..,: 

FnwpntM  Mwiuiiixiib-  nf  iron 

I>ril<>iiil-.>fi»m    

Oxi<Kollr<.uiii»,liililc.  i 

wi-i<<lir(I  iia  pnituxide  f 

{■kiiiIhmwI  Biitir 


[  Told  3-070  per  cenl. 
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The  green  bands  (Analysis  No.  84)  contained : — 

1        I  Soluble  in  bydrochloric  acid 2-232 1  m  *.  i  o  '••^^  *. 

^">"  llneoluble...  0.602  J'^'"'!  2-/34  per  oont. 

Present  as  Sesquioxide  of  iron 0-376  per  cent. 

Protoxide  of  iron    2-532       „ 

Oxides  of  iron  insoluble,  1    f\.cAQ 

weighed  as  protoxide  j  " 

Combined  water 2*223       , , 

The  rock  therefore  contained  originxdly  about  3  per  cent,  of  iron, 
paitly  as  sesquioxide  and  partly  as  protoxide  and  silicates ;  and  the 
banding  appears  to  be  due  to  the  segregation  of  the  sesquioxide  into 
the  concentric  purple  layers,  the  green  colour  of  the  intervening 
courses  resulting  from  the  eoj'jyosure  of  the  green  silicates  and  the 
protoxide,  by  the  removal  of  nearly  the  whole  of  the  obscuring 
sesquioxide. 

Many  jointed  rocks  exhibit  this  secondary  concentric  banding 
xuithin  each  separate  masSy  bounded  by  lines  of  joint — some  merely 
Avith  respect  to  colour,  by  the  rearrangement  of  the  oxides  of  iron ; 
but  in  others  (for  example,  jointed  granites  and  some  Trap  rocks, 
which  exfoliate  in  concentric  layers  within  eaxJi  portion  bounded  by 
joints)  there  appears  to  have  been  a  partial  rearrangement  of  the 
mass  of  their  constituents,  and  a  corresponding  modification  of  me- 
chanical structure. 

These  curious  phenomena  seem  to  be  more  related  to  the  isolation 
of  the  masses  by  the  joints  than  to  the  mere  fact  of  the  jointing ; 
for  in  waterworn  stones  the  direction  of  the  lines  of  secondary 
banding  is  often  determined  by  the  contour  assumed  after  separation 
from  the  parent  roch.  In  the  case  of  flints  banded  with  yellow  and 
grey  concentric  layers  of  iron,  in  different  states  of  combination,  the 
bands  range  with  the  waterworn  outline  and  not  the  original  con- 
tour of  the  flint. 

6.  On  the  Variegation  of  the  Kniper  Marls. — The  arrangement  of 
the  red  and  grey  colours  in  the  Kcuper  Marls  is  almost  as  capricious 
and  anomalous  as  in  some  of  the  examples  already  referred  to ;  and  any 
satisfactory  explanation  is  rendered  difficult,  on  the  one  hand,  by  the 
disposition  of  colour  being  apparently  related  to  stratification,  and, 
on  the  other,  by  its  being  evidently Athe  result  of  secondary  causes. 
Fig.  13  (PI.  XII.)  represents  a  portion  of  the  section  at  Worcester 
station ;  its  general  aspect  suggests  that  the  alternation  of  the  red 
and  grey  bands  is  simply  the  result  of  intcrstratification ;  but  the 
interlacing  outline  at  their  junction  shows  that  the  grey  beds  are 
merely  an  altered  condition  of  the  red — isolated  patches  of  grey 
breaking  irregularly  into  the  general  red  groimd.  There  are  also 
continuous  grey  beds,  some  of  which  are  harder  than,  and  of  different 
mechanical  composition  from  the  red ;  and  there  are  isolated  patches 
of  grey,  which  in  general  have  a  horizontal  range,  coincident  with  the 
stratification ;  but  the  recurrence  of  the  individual  blotches  on  their 
horizontal  range  is  evidently  determined  by  secondary  causes.  A 
portion  of  the  beds  included  in  the  section  are  intersected  by  ver- 
tically disposed  zigzag  lines  of  hard  stony  matter,  possibly  repre- 
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Fig.  44.  BUachtd  pattJi  m  Keuper 
Marh,  Railway  Outtitig,  Wor- 


senting  formor  cracks  and  channelB  of  iufiltration ;  and  wherever 
thoy  cross  the  hori/ontal  lines  on  which  the  isolated  grey  patches 
occur,  the  particular  position  of  each  is  evidently  determined  by  the 
intcisectioQ  ot  the  hard  Beams  along  which  the  grey  patch  bnuwhes, 
as  shown  in  fig.  44. 

A  somewhat  similar  case  oc- 
curs in  the  red  marls  interstra- 
tiflcd  with  the  white  Eeuper 
sandstone  in  the  Alderley  cop- 
per-mino,  Cheshire.  Pockets 
or  seams  of  the  white  sand  oc- 
casionally run  down  &om  the 
sandstone  into  the  marl  (lig. 
10,  PI.  XI.),  and  adjacent  to 
those  seams  the  red  marl  is  diB- 
cotoured ;  and  similar  bleached 
marl  bounds  the  lino  of  separa- 
tion of  the  red  marl  and  sand- 
Btone-bods  (fig.  11,  PI.  XI.). 

Again,  the  position  of  a  grey  patch  amongst  the  rod  is  frequently 
determined  by  a  slightly  harder  condition  of  the  stratum  in  a 
particular  part.  The  variety  of  circumBtances  that  hare  deter- 
mined the  position  of  those  diiscolourcd  bands  and  blotches,  and  the 
variety  in  the  character  of  the  beds  that  are  similarly  affected,  ahow 
that  the  phenomenon  is  quite  independent  of  original  diffcrenees  in 
the  chemical  composition  of  the  red  and  grey  parts  of  the  strata ; 
this  is  confirmed  by  the  following  complete  analyses  of  the  red  and 
grey  parts  of  the  Kcuper  Marls,  Worcester  Station,  that  have  been 
made  for  mo  by  Dr.  Voeloker; — 


AnaljsU. 
No.  58,  Bed.      So.Sa.aTtj. 

Biiulpbideofir 

Hugneus 

»06      

2-17 

Oddnof  ir 

Magncau    

Alluiliee  BDd  lost   . 


»1 

(f  1 68-34 


The  two  examples  contained  but  slight  traces  of  oartxHiaceotts 
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matter ;  and  their  general  composition  was  identical,  excepting  as 
regards  the  iron,  of  which  there  seems  to  have  been  a  departure 
of  the  greater  part  of  the  scsquioxide  from  the  grey  portion.  The 
protoxide  of  iron  in  the  grey  is  somewhat  in  excess  of  that  in  the 
red ;  but  the  diiferenco  is  scarcely  more  than  might  occur  in  any  two 
portions  of  the  same  stratum,  and  is  insufficient  to  prove  its  secon- 
dary derivation  from  the  red  sesquioxide.  The  mottling  of  the 
Keuper  Marls  seems,  therefore,  in  principle  to  differ  in  no  respect 
from  the  blotchy  variegation  of  other  red  clays  and  marls ;  and  the 
two  analyses  of  the  Worcester  example  are  worthy  of  note  because 
they  faU.  to  exhibit  the  kind  of  change  in  the  state  of  combination 
of  the  iron  indicated  by  the  analyses,  given  by  De  la  Beche,  of  the 
Keuper  beds  at  Aust  Passage,  viz.  the  reduction  of  the  sesquioxide 
to  protoxide  without  any  departure  of  the  iron. 

7.  On  the  Influence  of  Organic  Matter  in  inducing  Variegati/m, — 
The  connexion  between  the  blotching  and  discoloration  of  red  beds 
and  the  presence  of  fossil  carbonaceous  and  peaty  matter  has  re- 
peatedly been  noticed  by  geologists,  and  reference  has  already  been 
made  to  the  observations  of  De  la  Beche  on  this  subject  in  the 
Memoirs  of  the  Geological  Survey.  The  generally  accepted  theory, 
and  that  suggested  by  De  la  Beche  in  explanation  of  the  pheno- 
menon, is,  that  the  discoloration  has  been  brought  about  by  the 
reduction  of  the  sesquioxide  to  a  lower  state  of  oxidation  of  less 
colouring-power  by  simple  chemical  reaction  with  the  fossil  carbon. 
The  experiments  of  Bischof,  and  also  those  of  Kindler,  published  in 
Poggendorff^s  Annalen,  establish  the  fact  that  sesquioxide  of  iron,  by 
simple  contact  with  organic  matter,  is  capable  of  being  reduced  to  a 
state  of  protoxide. 

With  a  view  to  ascertain  how  far  the  reduction  of  the  colour  of 
red  beds  may  be  duo  to  this  process,  I  have  procured  analyses  of 
the  bleached  and  unbleached  portions  of  a  number  of  examples  of 
ferruginous  strata  in  which  the  variegation  seems  to  be  connected 
with  the  presence  of  fossil  carbon. 

The  mottled  beds  of  the  Woolwich  and  Beading  series,  especially 
in  their  development  as  the  Argile  plastique  of  the  Paris  Basin,  are 
particularly  instructive  in  explaining  the  nature  of  the  secondary 
disposition  of  ferruginous  colouring  as  apparently  dependent  on 
accompanying  organic  matter. 

Figure  45  represents  a  section  at  Vaugirard,  Paris,  from  the 
Upper  Chalk  to  the  Calcaire  grossier ;  the  mottled  beds  of  the  Argile 
plastique  (fig.  21,  Plate  XIII.)  included  in  the  section  are  overlain 
by  15  or  20  feet  of  grey  laminated  clays  containing  beds  of  impure 
lignite   and  pervaded  throughout  by  carbonaceous  matter.      The 
gradation  of  this  character  downwards  seems  to  be  connected  with 
the  arrangement  of  the  mottling  of  the  underlying  Plastic  Clay. 
Those  beds  include  five  distinct  and  well-marked  colours,  viz. : — 
Ist.    The  bright  blood-red,  which  appears  to  have  been  the  pri- 
mordial tint ; 
2nd.  A  light  pinky  red ; 
3rd.   A  dark  brown ; 
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4th.   An  ochrcous  ycllon* ;  and, 
5th.   A  light  tieutrul  grey. 


Fig.  45. — Section  of  the  AryiU  plaitiqut  and  Cdleaire  ffro»*trr 
txpoaed  in  flaij-pil,  Yavgirard,  Pari*. 


iMK^cUjurilh 


A^CIulk.  notTitiblriii 

^  "■•-*- 

At  the  base  (c),  the  Llood-rcd  primordial  colour  prevails  with  hut 
alight  variegation ;  towards  the  middle  (£)  the  variegation  hecomea 
more  definite,  coiiBisting  of  distinct  patches  of  grey  on  t^e  red  or 
pink  ground,  each  of  which  concentrically  surrounds  a  nncleos  of 
dark  brown  and  red,  aa  shown  in  fig.  21  (Plate  XIII.),  and  ia  more 
or  less  mottled  with  ochroous  yellow.  Ab  the  carbonaceous  beds 
ore  approached,  the  blood-ted  gradually  diea  out  into  neutral  grey 
through  intermediate  shades  of  piuk ;  and  the  uppermost  portion  (a) 
is  variegated  only  by  isolated  brown  blotchea  on  a  nnLfomi  grey 
ground,  such  as  lower  down  formed  the  nuclei  of  the  grey  patdies. 
The  proportionate  amount,  and  the  state  of  combination,  of  the  Iron  in 
these  five  shades  of  colour  will  help  to  explain  the  character  of  this 
curious  and  complicated  variegation, 

The  blood-red  portions  of  the  clay,  which  are  evidently  in  its 
primordial  condition,  contain : — 

(AiialymNo.d3,b7l>r.VoFlolicr)  Protoxide  of  iron O-MSpereanL 

Atilivdroiis  Ksquioiide IIHMI        „ 

Organic  matter 0-320        „ 
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The  femiginons  nuclei  contain : — 

(Analysis  No.  55) Protoxide  of  iron  0474  per  cent 

(Hydrous)  eesquioxide  of  iron  50*583       „ 

Organic  matter doubtful  traces. 

Water  of  combination 7  72  per  cent 

The  neutral  grey  zones  immediately  adjacent  to  the  nuclei  of 
Roj^egation  contain  only  about  -jl|-th  of  the  proportion  of  iron  in 
these  centres,  viz. : — 

(Analysis  No.  54) Protoxide  of  iron 0254  per  cent. 

Sesquioxide  of  iron   3*779        „ 

Organic  matter slight  traces. 

The  grey  portions  mottled  \9ith  ochreous  yellovr  contain : — 

(Analysis  No.  57) Protoxide  of  iron 0*294  per  cent. 

Hydrous  sesquioxide 3*502        ^ 

Organic  matter slight  traces. 

There  is  also  the  light-pink- coloured  clay,  through  which  the 
normal  red  graduates  to  the  grey  in  the  middle  of  the  bed,  and 
which  occurs  outside  the  grey  zones  surrounding  the  nuclei ;  and 
here  we  find  the  iron  occurriog  in  a  proportion  intermediate  between 
that  in  the  grey  and  that  in  the  full  red-coloured  clay,  viz. ; — 

(Analysis  No.  56) Protoxide  of  iron  0*254  percent 

Sesquioxide  of  iron  5*68f) 

Organic  matter 0*790 


Looking  at  these  analyses,  and  the  relative  arrangement  of  the 
several  colours,  it  is  impossible  to  resist  the   conclusion  that  the 
excess  of  colour  in  the  dark  parts  above  the  average  composition, 
and  its  diminution  in  the  adjacent  light  parts  below  the  average, 
must  be  due  to  the  actual  passage  of  the  iron  to  the  centres  of 
segregation.     Here  also,  as  in  most  other  cases  of  segregation,  the 
motion  of  the  sesquioxide  of  iron  is  accompanied  by  its  becoming 
hydrous,  the  blood-red  of  the  ground  being  exchanged  for  a  rich 
ochreous  brown  in  the  nuclei,  and  bright-yellow  rust  partially  stains 
the  exhausted  portions.     There  is  one  point  in  connexion  with  the 
variegation  of  these  mottled  clays  which  seems  difficult  to  explain 
satisfactorily,  viz.  the  existence,  about  the  ferruginous  nuclei  in 
the  grey  ground,  of  small  patches  of  the  blood-red  clay  quite  unal- 
tered neither  depleted  nor  enriched. 

Among  other  cases  of  variegation  apparently  connected  with  the 
presence  of  organic  matter,  the  following  may  be  referred  to.  Fig- 
25  (Plate  XIII.)  represents  a  yellow  surfiswje-clay  containing  frag- 
ments of  black  carbonaceous  matter,  adjacent  to  which  the  day  has 
been  bleached  of  a  pale-grey  tint. 

Analyses   of  the  grey  and  yellow  portions  gave  the  following 

results : — 
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The  yellow  clay  (Analysis  No.  GO,  Laboratory  of  the  Haaeum  of 
Practical  Geology)  contained 

Ineolublo   ^^^JMperoent. 

f  Bpsqnioiide  of  iron    3-20        „ 

Pre«ntn«]  Prot.iiide  of  iron,  soluble 0-74       „ 

Tho  grey  putchcB  adjacent  to  carbonacraus  matter  (Analynis 
No.  61)  contained 

Total  iron,  Soluble  OM  1 -„, 

..         Inaoluble  ^.^q  1 0«  per  cent- 

f  SeKjuiiiiideofiron    0-16  „ 

Present  on  I  Protuiide  of  iron.  Holuble O'Kt  „ 

I  Insoluble  oiidrs  of  iron,  weigfapd  ul  n.-'; 

protoiide /"'''-  " 

Another,  somewhRt  similar  case  is  illuBtrated  in  fig.  46,  of  red  onr- 
face  loam  (rearranged  Keuper  morlB,  in  a  railway-cutting  between 
Fig.  46. — JUil  Siirfdee-Ioam,  eotaistin^  ofrenrranged  Keuper  marU,  in 

a  railway -euttiw/  between  Codaall  and  Albrlffhton,  ShroptAire.' 


Codaall  and  Albrighfon,  Rhropshire)  intoraectod  by  Beams  and  pockets 
of  bleached  groy  loam,  apparently  connected  with  the  penetration 
of  roots  from  the  surface. 

Tho  red  loam  (Analysis  No.  67,  Laboratoiy  of  ITusenm  of  Prac- 
tical Geology)  contained 
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Total  iron,  Soluble    2^61ojm^„, 

,.        Insoluble 0-23  p-«9  per  cent. 

fSwquiondeofiroii 3-06       „ 

I  Protoxide  of  iron   0-41 

Preecnt  u  i  Oiidw  of  iron  weighed  m  1  j^i^^  j,^ 

I      protoxide / 

^Carbon 0-188     „ 

The  discolourod  seamB  and  pockets  (Analysis  No.  C8)  contained 

Total  iron,  Soluble   05B1„,„ , 

„         Insoluble    o.i5J073percent. 

(Sesquioxide  of  iron 0*55       „ 
Pn^iide  of  iron,  loluble 025       „ 

Carbon    0-114     „ 

The  disposal  of  the  oxides  of  iron  which  in  this  case  have  boeii 
withdrawn  from  the  bleached  porldona  ie  not  evident ;  but  in  an 
example  pointed  out  to  me  by  Mr,  J.  W.  Young,  of  Glasgow,  the 
iron  has  been  aggregated  as  hydrous  sesijuioxide  into  tubular  con- 
cretions (lig.  47,  a,  b,  c)  concentrically  disposed  around  roots  pene- 
trating the  Post-tertiary  clays  about  Glasgow,  their  transrerBesoctioit 
(</)  exhibiting  a  banded  arrangement. 

Fig.  48. — Bleached  wind  under 
peaty  gravel.  Cliff  east  of 
Southicold,  SuffoU: 


Fig.  47.— Concretlona  of  hydrova 
sesqitioande  of  I'rnii,  Post-tertiary 
rfny»,  OlaKf/ouf  (actuol  size). 


I\ 


I 


In  the  cliff  between  Southwold  and  Eaaton-Bavent,  in  Suffolk 
(fig.  48),  a  surface  layer  of  peaty  gravel  has  bUacbed  ttifc  \nrisgD.\^ 
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yellow  sands  ovorlying  the  CbilleBford  clay  to  a  depth  of  ten  or 
twelve  feet — the  light-grey  sands  under  the  carbonaceoaa  sarface- 
layer  joining  on  to  the  golden-yellow  sands  in  the  bottom  of  the 
section  with  an  outline  not  corresponding  with  the  stratification. 

Ilk  a  Freestone  quarry,  Keuper  Sandstone,  Clive  Hill,  Shropshire 
(fig.  49),  the  bleaching  effect  of  organic  matter  is  again  evident.     In 

FiR.  Ad.—Red,  huff,  and  hrown  Keuptr  SandtUme,  Clivt  HiU, 
Shropshire. 


the  top  of  the  quarry  dark-brown  sandstone  (a),  spotted  with  cream- 
Golonred  blotches  (fig.  40,  Plate  XV.).  occurs  with  the  following 
composition,  determined  by  Dr.  Vcelcker  : — 


Organic  nutter,  humic  and  ulmic  acids 
Protoxide  of  iron,  with  Incca  Of 

■mall  tobe  Beparslelj  determined J "  " 

AlaminB   0-36 

Lime 008 

Sulphuric  acid 0-08 

Magnesia  itnd  tmcee  ofalkalire 0'26 

Insoluble  HJIioroiu  mattw:— 

Alumina 2^44 

OiideaofiToa    0-31 

Lime  0-47 

Magneaia  and  loaa (H)8 

Bilira  94-30 


97-60 


0-30 
0-43 
0-19 
96-37 


10(M» 


The  buff  blotches  were  hard  and  eryetalline,  standing  out  fimn 
the  weathered  surface  of  the  rock,  and  they  may  be  sogrcgationB  of 
silica ;  the  colour  of  the  brown  ground  is  due  to  the  preiwnce  of  the 
organic  acids.  The  bottom  of  the  quarry  exposes  red  sandstone  Ce), 
joining  on  with  an  irregular  outline  to  the  overlying  maw  of  cieam- 
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coloured  rock  (6),  the  bleaching  of  which  and  loss  of  red  colour 
appears,  as  in  the  cose  of  the  Southwold  sectjon,  to  be  connected 
nith  infiltration  from  the  uppermost  bed  charged  with  humio  and 
ulmtc  acids. 

A  somewhat  similar  case  in  given  in  fig.  17,  Plato  XIII.,  of  a 
Rpecimcn  (in  the  Museum  of  the  Jardin  des  Plantes,  Faria)  of  a  car- 
bonaceous foeail  in  red  Carboniferous  sandstone  at  Ardenay,  in  which 
the  colour  immediately  adjacent  has  been  bleached. 

The  bleaching- power  of  carbonaceous  matter  is  further  illustrated 
in  fig.  2ti,  Plate  XIII.,  of  the  Lower  Green  Sand  near  Folkestone, 
where  somo  carbonaecoua  spots  are  pig.  50.— Bleached  patch  in  ./rf- 
aurrounded  by  discoloured  zones,  ,„^  ferriujinom  sands  ace'om- 
and  these  ogam  concentrically  snr-  ™„y,„y  ,h^  c.-ag,  Wan«ford 
rounded  by  bnght-yellow  nngs  of  -   '     "■-    r.   ^.  ..'^  " 

hydrous  sesquioxide  of  iron,  which 
appears  to  have  been  displaced 
fi:om  the  central  area.  Similar 
bleached  patches  frefjuently  occur 
in  the  sands  of  the  Crag  district ; 
and  these,  as  in  fig,  50,  are  always 
surrounded  by  a  zone  darker  than 
the  general  colour  of  the  sands,  and 
coloured  apparently  by  the  iron 
withdrawn  from  the  lighter  area. 

Those  phenomena  present  two 
distinct  points  for  consideration  : 
— first,  simple  chemical  reaction  and  the  mechanical  washing  out  of 
the  iron  in  a  soluble  condition  ;  secondly,  the  rearrangement  of  the 
colouring  oxide,  which  cannot  he  explained  by  simple  chemical  and 
mechanical  agencies. 

Both  of  these  processes  seem  to  have  operated  in  the  production 
of  those  variegations  of  ferruginous  strata  which  are  connected  with 
the  presence  of  organic  matter. 

The  Scuthwold,  Clive  Hill,  and  Codsall  examples  of  bleaching 
appear  to  bo  the  result  of  simple  dissolution,  and  mechanical  removal 
of  the  iron  brought  into  a  soluble  condition.  The  generally  ac- 
cepted explanation,  and  that  originally  suggested  by  De  la  Beche, 
is,  first,  the  reduction  of  the  colouring-power  of  the  iron  by  the 
convcreion  of  the  sesquioxide  to  protoxide,  from  deoxidizing  contact 
with  organic  matter,  and,  secondly,  the  diosolution  of  the  protoxide 
thus  formed  by  carbonated  water. 

The  experiments  by  Kindler  and  Bischof  (Chemical  «nd  Physical 
Geology,  vol,  iii.  page  1,  English  edition)  establish  the  possibility  of 
these  reactions ;  but  it  is  remarkable  that  in  none  of  the  cases  that 
have  been  made  the  subject  of  the  foregoing  analyses  does  the  bleach- 
ing appear  due  to  simpU  deomdation ;  and,  furthermore,  the  propor- 
tion of  protoxide  t«  sesqnioxide  of  iron  is  not  increased  in  the  bleached 
areas  of  rod  beds, 

'  In  grey  beds  accompanying  carbonaoeoua  deposits  the  iron  is 
almost  wholly  in  a  state  of  carbonate  of  protoxide,  and  the  nodules  of 
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segregation  are  also  carbonate  of  inm.  EarmgiiMnai  nodoki  d 
segregation  connected  with  the  TBii^gation  and  depletiaii  of  red  bedi^ 
however,  invariably  consist  of  the  sesqnioxide.  Carbonio  acidjMrii 
is  impotent  in  either  reducing  sesqniozide  of  iron  to  the  lower  oiide 
or  in  dissolving  it.  If,  therefore,  interbedded  eaxbonaoeoiu  mAtterhas 
operated  as  a  solvent  of  seeqniozide  in  red  beds  by  its  rednetion  to 
protoxide,  its  effect  must  be  limited  to  the  parts  in  immediate  oontaet ; 
and  it  seems  difficult  to  explain  on  this  theozy  how,  as  in  the  cue 
of  the  bleached  beds  at  Soutiiwold  and  dive  Hill,  the  operatiaii  on 
have  extended  to  a  distance  often  or  twenty  feet  from  the  oarbonaoeoos 
matter. 

The  direct  solvent  action  of  humic,  ulmic,  and  other  addi  tfao 
product  of  organic  decomposition,  appears  a  more  probable  agent 
of  dissolution,  and  does  not  necessarily  involve  the  redaction  d  the 
scsquioxide  to  protoxide.  According  to  Bischof  (Chemioal  and  Hiy- 
sical  Goologrv,  English  edition,  vol.  i.  p.  166),  humie  acid  ooduriag 
in  vegetable  mould  forms  a  compound  with  aeeqiiioxide  of  inn 
soluble  in  2300  parts  of  water  and  cronio  acid,  a  combination  ee- 
luble  in  ammonia.  The  formation  of  limonite  or  bog-iron-ore  w^ 
pears  to  be  the  result  of  such  dissolution ;  it  eonasts  of  aeaqnioride 
of  iron  in  combination  with  variable  amounts  of  hnmio  acid  (Da|ia% 
System  of  Mineralogy,  p.  178,  fifth  edition).  The  aggr^gatkn  of 
sesquioxido  of  iron  around  roots  and  other  vegetable  remains  in  bo^i 
may  thus  be  incidental  to  its  temporary  disBolutian  by  tbe  aeidB  of 
organic  decomposition. 

These  simple  chemical  reactions,  though  coordinate  witli 
will  not,  however,  fully  account  for  such  phenomena  of 
as  those  presented  by  the  Argile  plastique  and  Lower  Gkoenaand,  ia 
which  the  variegation  has  resulted  not  firam  the  lo$$  of  1^  mv»  ta  • 
solvhU  condition,  hut  from  its  rearrangement, — ^in  the  one  case  oentrih 
petally,  resulting  in  its  aggregation  to  concentrated  nndei  sunoonied 
by  a  depleted  area ;  in  tiie  other  oentriftigally,  the  rearranged  oadde 
of  iron  circumscribing  the  depleted  area  from  which  it  was  diepenedL 

8.  On  Variegation  due  to  the  Decomposition  of  BimMhide  ^IfwtL 
— Among  the  secondary  changes  of  colour  fltnn  an  altered  stale  cf 
combination,  must  be  noticed  that  due  to  the  oxidation  of  bisol^liide  rf 
iron,  which  frequentiy  occurs  mechanically  diaeeminated  in  imdfmw 
tary  strata.  Its  simple  oxidation,  as  is  well  known,  xenAts  lot 
in  the  production  of  sulphate  of  protoxide  of  iron  and  free  snl^hBV 
and  ultimately,  by  ihe  further  decomposition  of  the  protoso^^liatebcf 
a  rusty  deposit  of  the  hydrous  sesquioxide.  Wlm  ivon  Vpttm 
occurs  in  mechanical  association  witii  grey  beds  ohaiged  witti  eiir* 
bonato  of  protoxide  of  iron,  as  in  the  case  of  the  London  d^Ti  tti 
ultimate  rMult  of  the  decomposition  i^ipears  to  be  limited  to  Hm 
duction  of  the  sesquioxide ;  bnt  in  a  case  which  ham  come 

observation,  a  more  complioated  ofaange  anpean  to  have  tal ^ , 

involving  the  bleaching  of  beds  chaa^ged  with  the  anhjJiuya  isN 
quioxide. 


At  the  basoof  the  A8hdown(Wea]den)  sands  nndsr  Hie  BiiiOH| 
Hastings,  occurs  a  bed  of  light  Uoish-grey  tenaomi  eluv*,  keMMl 
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there  tinged  with  red,  and  somewhat  resembling  in  physical  character 
the  white  Tertiary  clays ;  but  instead  of  burning  of  a  light  cream- 
colour  in  the  kiln,  the  presence  of  much  iron  was  indicated  by  the 
fire  changing  it  to  a  dark  yellowish-brown  colour. 

An  analysis  by  Dr.  Voelcker  (No.  38)  indicated  that  it  contained 
nearly  1|  per  cent,  of  iron  occurring  as 

Basic  sulphate  of  sesquioxide 1  *68  per  cent. 

Bisulphiae  of  iron 0*094    „ 

Patches  of  pinky  red  in  portions  of  the  clay  indicated  the  former 
presence  of  the  iron  in  a  state  of  anhydrous  sesquioxide,  which  also 
occurs  largely  in  the  middle  beds  of  the  Wealden. 

The  partial  decomposition  of  the  pyrites,  of  which  some  still  re- 
mains, seems  to  have  brought  about  the  discoloration.  It  appears 
that  the  whole  of  the  sulphur  of  the  decomposed  pyrites  has  become 
oxidized,  and  has  entered  into  combination  with  the  ferric  oxide, 
producing  the  neutral  grey  basic  sulphate ;  and  the  original  light-red 
colour  of  the  bed  has  thus  became  partly  obliterated.  This  is  ttie  only 
case  of  discoloration  distinctly  traceable  to  the  decomposition  of 
bisulphide  of  iron  that  has  come  under  my  notice ;  and  few  red  beds 
contain  a  sufficient  proportion  of  pyrites  to  convert  by  its  decom- 
position the  whole  of  the  colouring  sesquioxide  into  the  almost  co- 
lourless basic  sulphate ;  but  the  case,  though  exceptional,  should  be 
recorded  among  the  phenomena  of  variegation. 

9.  Variegated  Cambrian  Slates, — The  variegation  of  Welsh  slates, 
of  which  examples  are  given  in  figs.  29, 31,  and  32  (Plate  XIV.),  and 
which  seem  to  be  the  result  of  a  combination  of  sedimentary  and 
secondary  causes,  is  of  two  kinds : — first,  that  consisting  of  well-de- 
fined blotches  and  bands  disposed  with  more  or  less  continuity,  and 
always  in  harmony  with  the  stratification ;  and,  secondly,  the  conver- 
sion of  the  blue  and  purple  slates  to  green,  in  contact  with  Trap  dykes, 
and  in  large  fields  of  colour  interlacing  irregularly  with  the  normal 
colours,  and  disposed  without  regard  to  the  stratification  they 
vertically  intersect. 

These  two  forms  of  variegation  appear  to  be  due  to  independent 
causes. 

The  first  case  of  stratified  variegation  (illustrated  in  fig.  32, 
Plate  XIV.),  when  most  fully  developed,  occurs  in  the  form  of  inter- 
rupted green  bands  of  two  shades  of  colour,  viz.  dark  olive-green 
layers  of  mechanical  constitution  difierent  from  that  of  the  slate,  and 
adjacent  to  them  a  zone  of  light-green  discoloured  slate,  sometimes 
occurring  on  both  the  upper  and  under  side,  symmetrically  enclosing 
the  dark  layer  as  a  central  nucleus,  but  frequently  occurring  only 
on  the  under  side. 

Having  but  recently  described  these  beds  in  the  Geological 
Magazine  ♦,  I  need  now  only  state  that  whatever  may  be  the  predse 
nature  of  the  dark  olive-green  bands,  it  is  evident  they  are  of  me- 
chanical origin,  and  not  the  result  of  secondary  segregation.  Though 
often  continuous  for  many  yards,  they  are  generally  interrupted  at 
*  Geological  Magazine,  March  1868,  toI.  t.  p.  123. 
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intervals,  and  there  exist  all  gradations  between  the  oontanaous 
bands  and  isolated  blotches. 

These  spherical  bleached  blotches  generally  contain  a  small  nacleus 
of  matter  identical  with  that  composing  the  dark-green  layeiB,  thou^ 
not  always  yisible,  from  the  line  of  cleavage  failing  to  intersect  it. 

The  questions  suggested  by  these  phenomena  refer  to  the  time  at 
which  the  bleaching  took  place.  Was  it  before,  or  concurrent  with,  the 
slaty  cleavage  ?  and  was  the  alteration  of  colour  due  to  a  change  in 
the  condition,  or  in  the  amount,  of  the  colouring-matter?  The  first 
question  is  easily  answered ;  for,  as  has  been  shown  by  Mr.  Sorby, 
tiie  form  of  the  blotches  has  been  notably  affected  by  the  cleavage 
attenuating  them  on  the  transverse  section,  whilst  on  the  cleavage 
section  they  exhibit  no  distortion.  I  find  also  that  the  bands  and 
blotches  have  partaken  of  all  the  movements  affecting  the  slate,  and 
are  frequently  broken  by  faults  and  dislocations.  It  is  evident, 
therefore,  that  the  bleaching  was  antecedent  to^  and  independent  <^ 
the  cleavage. 

The  composition  of  the  discoloured  spheres  and  bands  adjacent  to 
the  green  layers  points  to  a  conclusion  respecting  their  character  dif- 
ferent from  that  arrived  at  by  Mr.  Sorby,  that "  they  have  been  «m- 
eretions  of  a  peculiar  kind,  formed  round  bodies  lying  in  the  plane  of 
bedding"  (<*  On  the  origin  of  Slaty  Cleavage,"  Edinburgh  New  Phi- 
losophical Journal,  July  1853) ;  for  analyses  of  the  puiple  and  dis- 
coloured portions  of  the  slate,  which  have  recently  appeared  in  the 
'Geological  Magazine'  (vol.  v.  p.  123,  March  1868),  exhibit  no  ma- 
terial difference  in  general  composition,  and  no  aggregation  of  matter 
in  the  light  parts  that  is  not  also  found  in  the  body  of  the  slate ;  in 
short,  they  are  identical,  excepting  that  there  has  been  a  departure 
of  about  two-thirds  of  the  sesquioxide  of  iron  out  of  the  bleached 
portions. 

The  blue  slate,  Glyn  quarries,  Llanberis  (Analysis  No.  45),  con- 
tained 

Sesquioxide  of  iron  5*68 

Protoxide  of  iron 046 

and  the  bleached  bands  underlying  the  dark-green  layers  (Analysis 

No.  44)  contained 

Sesquioxide  of  iron   1*50 

Protoxide  of  iron  0*22 

and  appear  to  be  precisely  analogous  to  the  discoloured  spheres  and 
bands  in  red  beds.  In  these  it  has  already  been  observed  that  matter 
of  various  kinds,  as  pebbles,  fragments  of  stones,  and  fossils,  has 
evidently  induced  and  localized  the  motion  of  the  colouring  sesqui- 
oxide ;  so  in  the  case  of  the  banded  slates,  the  layers  of  interstratified 
green  matter  appear  to  have  similarly  incited  the  departure  of  the 
sesquioxide  of  iron  from  the  adjacent  slate,  without  inducing  any 
change  in  its  state  of  combination.  In  the  discoloured  spheres  of  the 
red  beds  the  iron  withdrawn  therefrom  was  frequently  found  to  be 
segregated  into  small  central  nudoi ;  and  it  appears  probable  that  the 
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sedimentary  green  layers  and  spots  to  which  the  bleached  slate  is 
adjacent  may  have  received  as  an  accession  the  scsquioxide  of 
iron  abstracted  from  the  surrounding  zone. 

The  case  of  discoloured  blotches  from  which  the  iron  has  been 
discharged,  without  any  centre  of  aggregation,  is  more  difficult  to 
account  for ;  but  some  examples  of  banded  slates  in  the  Penrhyn 
Quarries,  given  in  fig.  31  (PL  XIV.),  seem  to  suggest  an  explana- 
tion ;  the  light  discoloured  bands  are  concentrically  surrounded  by 
a  dark  band,  darker  than  the  slate,  apparently  by  an  excess  of  the 
colouring  oxide,  as  though  the  oxide  of  iron  had  been  dispersed 
centrifugally  to  the  outline  instead  of  aggregated  to  the  centre ;  and 
it  was  observed  that  the  mechanical  layer  forming  the  centre  of  the 
discoloured  band  is  lighter  in  colour  than  where  no  such  external 
dark  zone  occurs. 

The  other  form  of  secondary  variegation,  viz.  the  conversion  of 
the  blue  and  purple  slates  to  green  in  large  fields  of  colour,  and  to 
green  slate  in  contact  with  the  intrusive  greenstone  dykes,  appears 
to  have  no  relation  to  that  just  described.  An  analysis  (No.  29,  by 
Dr.  Yoelcker)  of  an  example  fix)m  the  Penrhyn  Quarries  showed 
that  it  contained  8"26  per  cent,  of  iron,  equivalent  to  10*63  per 
cent,  of  protoxide  as  compared  with  (Analysis  No.  27)  11*40  per 
cent,  of  sesquioxide  in  the  purple  slate  of  the  same  quarry.  There 
is  therefore  no  material  departure  of  colouring  oxide  from  the  green 
variety,  and  we  must  look  for  an  alteration  in  its  state  of  combina^ 
tion  to  account  for  its  change  of  colour. 

The  slates  of  a  uniform  green  colour  have  no  stratigraphical  hori- 
zon distinct  from  that  of  the  blue  and  purple  varieties.  The  highest 
beds  of  slate  in  the  PenrhjTi  Quarries  (fig.  29.  PI.  XIV.),  underlying 
the  uppermost  Cambrian  grits  of  Bronllwyd,  and  marked  separately 
10  and  11  in  Professor  Ramsay's  section.  No.  69  (p.  156,  Geology 
of  North  Wales,  Memoirs  of  Geological  Survey),  exlubit,  on  a  large 
scale,  this  interchangeable  colouring.  The  highest  portion  of  No.  11 
is  more  generally  green,  and  purple  prevails  in  No.  10 ;  but  there  is 
no  distinct  line  of  demarcation  between  the  two  colours,  which  inter- 
lace with  each  other  in  a  direction  vertical  to  the  stratification. 

The  purple  (Analysis,  No.  27)  contained 

Protoxide  of  iron    0*874 

Sesquioxide  of  iron 6*540 

Sulphur    0*031 

The  green  (Analysis,  No.  28)  contained 

Protoxide  of  iron 5*49 

Bisulphide  of  iron    0*15 

A  second  analysis  of  No.  28  gave  6*90  per  cent,  of  protoxide  of 
iron.  The  change  of  colour  is  therefore  due  to  the  conversion  of 
the  sesquioxide  of  iron  into  protoxide ;  there  was  also  about  one- 
sixth  less  iron  in  the  green  than  in  the  purple,  a  difference  insuffi- 
cient to  explain  the  change  of  colour,  but  accounted  for  by  the  fact 
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that  tho  green  slate  contains  local  deposits  of  sogregntcd  iron  us» 
crystallized  pyrites. 

An  example  uf  ji:reen  slate,  converted  from  the  purple  in  contact 
with  a  dyke  of  diabase,  Dinorwic  Quarries,  Llanbcris  (Analysis  No. 
o2),  contained 

Protoxide  of  iron    5*5(i8 

Scsquioxide 3133 

Sulphur    0011 

Under  the  micros(?oi)e  tho  protoxide  of  iron  appeared  to  occur  as 
chlorite.  Th(»  production  of  great  masses  of  green  slate  can  there- 
fore 1)0  explained  by  a  simple  chemical  process,  viz.  the  partial 
reduction  of  the  s(f.s4ui()xide  to  a  state  of  protoxide,  and  the  separa- 
tion of  a  small  proportion  as  bisulphide  rearranged  as  distinct  crys- 
tals. The  gn^en  banding  of  the  Cambrian  slates,  and  the  produc- 
tion of  th(>  large  uniform  masses  of  green,  were  therefore  not  oiJy 
due  to  indepciidont  causes,  but  occurred  at  diiferent  times, — the 
banding  and  blotching  Ix^fore  the  slate  was  cleaved :  and  some  of  the 
green  slate  was  converted  from  the  puq)le  at  tlie  time  of  the  intru- 
sion of  the  greenstone  dykes,  which  Professor  llamsa}'  regards  as  of 
l\)st-carboiiiterous  age. 

K).  Oil  the  DiscoJorittioH  of  lied  Bed^  hj  Lime  and  Matjmsia. — 
Tlu?  absence  of  red  ])eds  from  strata  that  arc  in terst ratified  with 
calcareous  bands,  and  the  general  absence  of  calcareous  matter  from 
red  beds,  must  l)e  noticed  in  connexion  with  the  following  examples 
of  .secondarj-  variegation,  which  seem  to  be  connected  with  the  pre- 
sence of  carbonate  of  lime. 

l)e  la  IJeche,  at  page  53  of  vol.  i..  Memoirs  of  the  Geological  Survey, 
notices  that  numy  of  the  green  and  blue  bands  in  the  red  marls  of 
the  Old  Ued  Sandstone  of  Herefordshire  were  found  to  be  culcarcouei, 
or  half-devel()p<Ml  cornst<mes.  With  this  exception,  tho  large  extent 
of  non-calcareous  /v/Zrockof  the  Old  Ked  Sandstone  forms  a  striking 
contrast  with  the  great  thickness  of  Upper  Silurian  dun^cohuitd 
beds  that  imderlie  it,  and  in  wliich  the  calcareous  element  pre- 
vails. This  is  expressed  in  fig.  51 ,  exhibiting  an  entire  absence  of 
red  beds,  from  the  top  of  the  Ludlow  rock  to  near  the  base  of  the 
AVenlock  shale,  where  a  reddish-puridc  bed  ap]x;ar8. 

Tliis  fact  is  not  accounted  for  by  the  absence  of  ferruginous  mat- 
ter, ius  the  AVenlock  and  Ludlow  dun-eoloured  shales  contain  as  much 
iron  as  the  Devimian  red  beds  above,  and  the  purple  bed  below.  It 
seems,  however,  to  bo  directly  correlative  with  the  presence  of  car- 
Ixmate  of  limo.  In  Shmpshire  tho  proportion  of  lime  gradually  in- 
crease's upwanls,  from  the  purple  bed  as  a  minimum,  at  the  base,  to 
the  massive  limestone  as  a  maximum,  at  the  summit  of  the  Wenlock 
beds. 

An  analysis  (No.  51)  of  this  purple  bed  at  MintoUy  near  little 
Stretton,  shows  that  it  contained 

Pn)lt>\id<' of  iron ;  0*72 

Scfkiuioxidc    7*70 

I  n!M>Iuh!e  oxides    070 

and  about  1\  per  cent,  of  carbomilc  of  lime. 


Metallic  iron  G*:27, 


lill 


il. 
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This  purple  bed  scarcely  occupies  a  distinct  stratigraphical  hori- 
zon, but  passes  upwards,  with  a  blotchy  interposition,  into  the  great 
mass  of  overlying  dun-coloured  beds. 

An  analysis  (No.  50)  of  these  from  between  Harley  and  Much 

Wenlock  indicated  the  following  composition : — 

Protoxide  of  iron 1*80 

Seiquioxide  of  iron  7*00 

Insoluble  oxidee  of  iron  .  0*35  ^ 

with  about  9^  per  cent,  of  carbonate  of  lime,  besides  calcareous 
nodules  of  segregation. 

There  is  no  material  difference  in  the  amount  of  the  iron;  the 
sesquioxide  in  the  purple  bed  appears  to  exist  as  the  amhydtwu 
form,  and  that  in  the  dun-coloured  beds  as  the  hydrous ;  and  the 
proportion  of  protoxide  to  sesquioxide  increases  upwards  with  the 
increase  in  the  amount  of  calcareous  matter,  until  in  the  blue  beds  of 
the  Wenlock  limestone  the  iron  exists  principally  as  carbonate  of 
protoxide.  The  relation  of  this  dun-colour  to  the  presence  of  lime 
is  further  supported  by  the  fact,  that  where  the  cfdoareous  Penta- 
merus-zone  appears  between  the  purple  bed  and  Llandovery  conglo- 
merate, it  is  accompanied  by  dun-coloured,  and  not  purple  shales, 
and  where  the  band  of  Woolhope  limestone  appears  in  Herefcnd- 
shiro  on  the  horizon  of  the  purple  bed  in  Shropshire,  the  puiple 
colour  is  lost.  The  same  principle  appears  to  hold  good  with  respect 
to  the  distribution  of  colour  in  the  Trias  of  the  east  of  France,  a 
sketch -section  of  which  is  given  in  fig.  52. 

In  the  neighbourhood  of  Luneville,  near  Nancy,  the  red  oolonr  of 
the  Mames  irisees  disappears  in  descending  to  the  Muschelkalk,  the 
calcareous  bands  being  interstratified  with  grey  marls ;  and  again, 
when  the  Muschelkalk  is  passed,  and  the  ^careous  element  goes 
out,  the  red  colour  reappears  in  the  Gr<^  bigarrd  or  Bunter.  The 
same  relation  of  colour  to  calcareous  matter  is  observable  within  the 
Mames  irisees,  and  is  illustrated  in  fig.  15  (PI.  XII.),  representing  a 
section  at  Enville  near  Lun^^villo,  in  which  the  change  of  colour  finom 
red  to  grey  seems  to  have  been  induced  by  the  presence  of  bands  of 
magnesian  limestone.  Immediately  adjacent  to  these  the  marl  is  of  a 
uniform  grey  colour,  and  the  underlying  red  colour  begins  to 
come  in  as  small  isolated  spots  and  lines ;  these  gradually  increase 
in  proximity  until  they  graduate,  through  a  red  ground  freckled  with 
grey,  into  the  mass  of  the  uniformly  red  marl. 

The  following  analysis  by  Dr.  Voelcker  gives  the  composition  of 
the  interstratified  calcareous  layers,  and  of  the  red  and  grey  parts  of 
the  Mames  irisees  at  Enville  near  Luneville. 
Analyses. 


Water  of  combination 

Bisulphide  of  iron 

Protoxide  of  iron   

Sesquioxide  of  iron    .. 

Alumina 

*Liiiie  


♦   Equal  to  Carbonate  of  Lime      1892 


No.  69. 

No.  70. 

No.  71. 

Red  marl. 

Qrej  marl. 

Hard  band. 

4-24 

3-97 

1-73 

005 

0<)37 

0O2& 

0-82 

0-64 

046 

403 

1-90 

MS 

1016 

18-22 

4-32 

10-69 

19*38 

2716 

No.  69. 

No.  70. 

No.  71. 

)      18-92 

34-62 

48-51 
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Analyses. 


No.  69. 

Red  marl. 

8-96 

0-76 

012 


none. 


*  Magnesia    

Potash 

Soda 

Sulphuric  acid    

Carbonic  acid  and  loss 15*66 

Insoluble  siliceous  matter : — 

Silica   36-72^ 

Alumina 4*35 

Lime   0*15 

^fagnesia 0*43 

Oxides  of  iron    053 

Alkalies  and  loss    ...     1*33 


No.  70. 
Grey  marl. 
7-60 
013 
002 
none. 
22-763 


No.  71. 

Bed  band. 

18-52 

042 

0O9 

013 

36-765 


.43-51 


26-54^ 
2-83 
0-30 
0-23 
0-36 
0-08/ 


30-34 


9-26 

mostly  Silioa. 


10000 


lOOOO 


100-00 


In  this  section  the  change  of  colour  seems  to  have  been  brought 
about  by  a  combination  of  mechanical  and  secondary  causes.  The 
amount  of  iron  decreases  upwards  from  the  red  to  the  grey  beds ;  but 
the  curious  freckled  disposition  where  the  grey  and  red  colours  inter- 
lace is  evidently  twt  the  result  of  sedimentary  arrangement,  and  ap- 
pears to  be  connected  with  the  infiltration  of  lime  from  the  overlying 
calcareous  bands,  and  a  secondary  bleaching  of  a  uniformly  red  bed. 
Pig.  16  (PI.  XII.)  represents  a  section  of  some  Permian  strata  in  a 
cutting  of  the  Severn  Valley  Railway,  between  Linley  and  Bridg- 
north, including  red  marls  overlain  by  a  calcareous  band,  in  contact 
with  which  the  red  marls  have  been  discoloured  of  an  ochreous 
grey ;  the  interlacing  disposition  of  the  yellowish  grey  and  the  red, 
with  an  irregular  boundary  of  separation,  shows  that  the  former  is 
a  secondary  product  of  the  original  uniform  rod  colour. 

The  composition  of  the  red  marl  (Analysis  No.  4,  by  Dr.  Voelcker) 
is  as  follows : — 

Wattr  of  combination 2*79 

Sesquiozide  of  iron   3*23 

Protozide  of  iron 1*35 

Bisulphide  of  iron    0*02 

Carbonate  of  lime 4*15 

Sulphate  of  lime   017 

Alumina    3'95 

Magnesia  2-17 

All^ies  and  loss  1*22 

Matter  (exclusive  of  the  iron)  insoluble  in  hydro- 
chloric acid    80*95 


lOOKX) 
The  composition  of  the  ochreous  yellow  marl  (Analysis,  No.  3, 
by  Dr.  Voelcker) : — 

Water  of  combination 1*38 

Sesquioxide  of  iron  6482 

Protoxide  of  iron 0*309 

Sulphur OG3Q 


*  Equal  to  Carbonate  of  Mag-  No.  69.  No.  70. 

nesia  14*40  14-36 

and  Magnesia  in  a  stata  of 

silicate   2-10  0*76 


Na71. 
28-43 


2k2 


4-41 
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Carbonate  oj  lime ^  35*58 

Magnesia    (h91 

Alkalies  and  lo«8  0'd5 

Alumina 2*44 

Matter   (exclusive  of  the  iron)  insoluble  in  hydro- 
chloric acid    52*51 

100-00 

The  principal  difference  in  the  composition  of  the  red  and  ochreons 
portions  consists  in  the  presence  of  a  large  proportion  of  carbonate  of 
lime  in  the  latter,  which  has  evidently  been  infiltrated  from  the 
overlying  calcareous  band,  accompanied  by  a  change  to  the  colour 
prevailing  in  the  more  calcareous  parts  of  the  Wenlock  shale.  In 
this  case,  however,  there  is  no  increase  in  the  proportion  of  pro- 
toxide to  sesquioxide  of  iron.  The  yellow  colour  of  the  Magnesian 
Limestone  lying  in  the  midst  of  red  beds,  may  perhaps  be  an  ana- 
logous case  ;  and  the  entire  absence  of  red  beds  from  the  calcareous 
Oolites  must  also  be  noticed  ;  it  is  clearly  independent  of  the  amount 
of  iron  present,  as  nearly  all  the  grey  and  yellow  beds  of  the  Oolites 
(see  analyses  Nos.  64,  65,  66,  p.  357)  contain  similar  proportionB  of 
iron  to  those  in  the  various  red  beds. 

Although  an  increase,  from  extraneous  sources,  of  the  calcareous 
element  in  any  red  bed  seems  to  induce  bleaching  and  discoloratiion, 
it  does  not  bear  a  perfectiy  regular  ratio  to  the  proportion  of  lime 
present,  as  discoloration  has  taken  place  in  some  red  beds  con- 
nected with  the  infiltration  of  a  less  amount  of  carbonate  of  lime 
than  that  originally  present  in  others  that  have  not  been  so  changed, 
and  a  blood-red  colour  pervades  the  base  of  the  chalk  at  Hun- 
stanton. It  may,  however,  be  generally  stated  that  a  bright-red 
colour  is  a  character  of  non-calcareous  strata,  and  dun-colonr,  or 
jcrey,  of  calcareous  beds,  quite  irrespectively  of  the  amount  of  iron 
present. 

I  will  not  attempt  any  explanation  of  these  facts,  and  merely 
offer  them  as  worth  further  investigation,  and  requiring  a  larger 
series  of  observations  before  any  reliable  conclusions  can  be  sug- 
gested. 

11.  On  the  Condition  of  the  Iron  in  the  Depleted  ArecuofRed  and 
Purple  beds, — Before  leaving  this  part  of  the  subject  special  refer- 
ence must  be  made  to  the  circumstances  attending  the  colour  and 
state  of  combination  of  the  iron  in  the  buff  and  green  blotches  of 
slates  and  red  beds.  It  is  important  to  bear  in  mind  that  their 
colour  bears  no  definite  relation  to  the  proportion  of  the  iron  which 
they  contain.  As  a  rule  the  blotches  contain  a  much  smaller  pro- 
portion of  iron  than  the  red,  purple,  or  blue  ground  on  which  thej 
are  disposed ;  but  whilst  a  certain  proportion  of  iron  may  form  the 
colouring  base  of  one  red  bed,  it  may  contain  actually  less  than  the 
light  blotches  on  another ;  and,  furthermore,  the  great  bulk  of  the  inm 
may  in  each  case  be  in  a  state  of  sesquioxide ;  so  that  the  mere  abs- 
traction of  a  part  of  the  iron  will  not  by  itself  explain  the  local 
reduction  of  the  red  colour  to  a  paler  hue. 
The  discoloured  blotches  vary  in  tint  from  a  light  dear  sea-green 
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to  an  ochreous  yellow.  Although  these  extremes  are  not  very  distinct, 
and  are  connected  hy  a  series  of  gradations  of  intermediate  shades 
of  colour,  they  are  evidently  due  to  independent  causes.  There 
seems  to  be  no  uniform  relation  in  the  proportion  of  silicate  of  iron 
in  the  light  and  dark  parts  of  variegated  beds ;  and  its  amount  seems 
to  vary  independently  of  the  action  of  discoloration.  The  proto- 
silicate  is  probably  the  colouring  principle  of  the  blotches  tending  to 
green.  Bischof  (Chemical  and  Physical  Geology,  vol.  ii.  p.  130, 
English  edition)  also  records  the  occurrence  of  this  green  pro  to - 
silicate  in  variegated  sandstone  which  had  no  green  colour.  In  asso- 
ciation with  scsquioxide  of  iron,  the  green -colouring  power  of  the 
sihcate  would  be  obscured,  but  developed  on  the  removal  of  the  red 
scsquioxide.  This,  we  have  seen,  has  taken  place  in  every  degree  ; 
and  where  the  segregating  motion  of  the  red  anhydrous  sesquioxide 
has  occurred,  it  has  generally  become  hydrous.  The  hydration  of 
itself,  without  any  diminution  of  the  sesquioxide,  would  produce  a 
lighter  yellow  blotch  on  the  red  ground ;  indeed,  in  the  red  clays  of 
the  Lower  Bagshot  beds,  a  yellow  clay  occurs,  lighter  in  colour  than 
the  red,  though  containing  more  of  the  sesquioxide  of  iron,  and 
rendered  lighter  simply  by  its  becoming  hydrous. 

The  following  are  analyses  of  the  red  and  yellow  portions  of  the 
variegated  clay  represented  in  fig.  23,  PI.  XIII. 

Analysis  No.  33.  Blood-red  clay.  Lower  Bagshot  beds.  Messrs. 
Pike's  Clay  Works,  Wareham.     (Dr.  Voelcker.) 

Sesquioxide  of  iron  with  traces  of  protoxide  ...     5*28  per  cent. 

Analysis  No.  19.  A  second  specimen  of  bright-red  clay,  Messrs. 
Pike's  Clay  Works,  Wareham,  Lower  Bag.shot  beds.  (Laboratory 
of  the  Museum  of  Practical  Geology.) 

Total  iron  { ^i^l^tie;::::;;:::;.:::  tZ}^-'^  p*'-*- 

(  ycHquioxide  of  iron 2*944 


Present  as    J  Protoxide  of  iron,  soluble  . . .     traces. 
1  Oxides    of    iron,    insoluble, 


»» 


»» 


\     weighed  as  protoxide 0*590. 

Ajialysis  No.  20.  Bright  ochreous  yellow  clay,  intermixed  with 
No.  19.  Lower  Bagshot  beds,  Messrs.  Pike's  Clay  Works,  Ware- 
ham.    (Laboratory  of  the  Museum  of  Practical  Geology.) 

Tn*.iiw.«    /Soluble 53821  R-.o 

Total  iron    |  j^^j^bi^ 0361  )^^^- 

?  Sesquioxide  of  iron 7*69, 

Present  as    \  P^*<>^^<^'  soluble    a  trace. 

I  Oxides  of  iron,  insoluble, 

(     weighed  as  protoxide 0.4G5. 

The  variegation  of  the  Horderley  (Caradoc)  sandstone,  fig,  28  (PL 
XIV.),  in  which  green  bands  and  blotches  occur  on  a  purple  groirnd, 
appears  only  accountable  by  the  further  hydration  in  patches  of  the 
scsquioxide  of  iron  to  which  the  purple  colour  is  due. 

The  following  determinations  of  the  iron  in  the  purple  and  green 
portions  fail  to  afford  any  other  explanation,  as  they  contain  iden- 
tical amounts  of  scsquioxide. 


.,  i.v  Dr.  Voclck. 


\\iii 


..f™ 


iibiiui 


•1£ 


I'roloiide  ( 

8e«quioiide  oriron  .. 

Alumina  and  other  oc 
Boluble  in  hjdroohlo 

luaoluble  uliosou*  lu. 
UJtuDg  oiidM  of  iroi 
aa  BMquioiide  0-668 


In  the  green  part  of  this  example 
coiu]>ared  with  that  in  the  purple,  w, 
tion  in  the  soluble  sesquioxido,  thouf 
nearly  equalized  by  the  excess  of  insot 

There  are,  thercfuro,  two  distinct 
determining  the  colour  of  the  pale  bl 
first,  the  expoiure  of  the  pre-existing 
tial  or  entire  rcmovul  of  the  red  w 
conversion  of  any  remaining  anhydron 
form. 

The  higher  silicates,  which  tend  to 
iu  part  the  colouring- matter  of  the  d( 
rate  determination  in  the  analyses  hai 
Bufitcient  for  my  jiresent  purpose  to  ol 
that  their  constitution  varies  with  thei 
with  lime,  magneeia,  &c.,  and  that  tl 
to  yellow. 

12.  Qn  Iht  Ferrugitwia  Banding  of 
form  of  variegation,  distinct  from  th« 
the  arrangement  of  hydrous  sesquiox: 


MAW — VAHlIiQATKD  SIUIA. 


on  a  linen  ototh),  the  circumference  of  the  patch  being  darker  than 
the  general  mass,  and  drying  up  to  a  hard  line  against  the  unstained 

Fig.  63. — Carboniferoiu  Sandstane,  with  Ferruffinovs  Band*, 
Workington,  Cumberland. 


portion  I  bebevo  the  similarity  is  only  resemblance,  and  that  a 
careful  eiamination  of  the  whole  of  the  phenomena  presented  by 
banded  yellow  rocks  « ill  lead  to  the  conclusion  that  it  is  independent 
of  any  mechanical  process. 

One  of  the  most  suggestive  points  is  the  almost  invariable  con- 
tiguity of  the  lightest  to  the  darkest  parta  of  the  strata.  In  some 
eases  dark  ferruginous  bands  are  environed  on  either  side  by  excep- 
tionally light  portions,  which  graduate  into  tho  general  colour  of 
the  stone ;  but  the  most  frequent  arrangement  is  the  bounding  of  the 
dark  band  on  one  side  by  white  ttandstone,  and  on  the  other  by  yellow. 

On  any  view  of  mere  mechanical  arrangement  it  is  impossible  to 
explain  this  very  constant  phenomenon,  as,  if  the  ferruginous  stain 
was  inflltrated  into  a  lighter-coloured  rock,  tho  presence  of  ex- 
ceptionally light  portions,  liyhUr  than  the  average  colour  of  the  bed, 
seems  qnito  unaccountable. 

Fig.  :t5,  PI,  XV.*,  and  figs.  54  and  55,  represent  two  of  the  simplest 
forms  of  this  banding  and  blotching — figs.  35  and  54  consisting  of 
isolated  light  patches  on  a.  uniform  yellow  ground,  aeparatcd  by  a  darit 
ferruginous  ring,  and  fig.  55  of  a  yellow  patch  separated  by  a  similar 
ferruginous  band  from  the  light«r  ground  on  which  it  is  placed.  In 
this  case  the  complete  isolation  of  the  dark  areas  of  fen-uginous  co- 
lour excludes  the  possibility  of  their  being  due  to  foreign  infiltrstion. 
Fig.  56  represents  a  somewhat  similar  form  of  variegation,  occurring 
in  tho  Ashdown  sands  (Wealden),  near  Hastings ;  and  determina- 
tions of  the  iron  in  the  light  and  dark  portions,  made  at  the  Labo- 
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rutory  of  tho  Miucum  of  Practical  Geology,  gave  tho  following  re- 
Analysis  No.  89.     light  ground,  Aahdown  Sands,  near  Hastings 
(fig.  56). 

T I  Soluble  in  bjdrocblario  >cid     01301  it„i.i  n-ijos 

Pment  aa  Sesqiiioude  of  iron 0-145 

Praioiide  of  iron 0-030 

OiidrB  of  iron,  inaolublo,  veigbed  w  pro- 
loiide    0-122 

Analysis  No.  !J0.  Yellow  portions  of  Ashdown  Sands,  near 
Hastings  (fig.  5fS). 

S«l.bl.i.h,d«.*l„ri.«nd "™)TmJi.^.  0-997. 

Inisoliible 0-060/ 

Present  as  Seriquioiide  of  iron 1'260 

Proloiide  of  iron 0-037 

Oiiden  of  iron,  insoluble,  weighed  u 

prololide O'lll 

The  dark  area  in  fig.  5(1  contained  therefore  about  four  times  the 
amount  of  iron  in  the  light ;  and  the  dark  ferruginous  band  of  sepa- 
ration (of  which  no  determination  was  made  in  this  example)  would 
contain  from  'M  to  40  per  cent  of  hydrous  sesquioxide  of  iron.  The 
position  of  tho  cracks,  c,  r,  in  relation  to  tho  darker  area  is  strongly 
suggestive  of  infiltration  ;  and  a  somewhat  similar  arrangement  of 
ferruginous  colour,  in  relation  to  lines  of  joints,  occurs  iu  the  Car- 
boniferous sandstenc  on  the  coast  south  of  Whitehaven  (fig.  57). 

Fig.  57. — Carboniffroiis  Saiiflalonf,  coast  touth  of  Wkitthaven. 


Some  of  tho  jointed  rocks  (fig,  58),  howerer,  on  the  same  coast, 
in  which  the  disposition  of  the  light  and  dark  areas  is  evidently  re- 
Iat<^d  to  the  joints,  present  tho  very  reverse  arrangement— the  light 
ureas  bounding  the  lines  of  joining,  whilst  the  general  yellow  ground 
occupies  the  intervening  spaces. 

Here,  therefore,  there  appears  to  bo  the  same  kind  of  inter- 
changeable arrangements  of  light  to  dark,  and  dark  to  light,  as  is 
found  in  the  other  forms  of  variegation,  the  exhausted  areas  being  the 
result,  not  only  of  aggregation,  but  of  dispersion,  and  corresponding 
with  theexamplesfigs.  54and>')5,in  whioh  both  an  isolated  depleted 


392  i-BOCEEDTHOB  or  thb  aEOLOOiCAL  ■oour,        [April  8S| 

area  ocean  on  a  darker  ground,  and  iM^ted  daik  oreM  on  a  li^t 
depleted  ground. 


Pig.  58. — Carhoniferout  Sat>d$to¥te,  rwtit  Kvih  of  WhiUhapmt. 


The  arrangements  of  yellow  banding  generally  oocor  qnite  in^ 
epcctively  of  tho  mechanical  Btructure  of  the  bed,  the  BtntaficatioB 
being  indifferently  intersected  by  it.  In  other  cases,  rariatioDa  of 
nuiierol  structure  seem  to  have  iofiuenccd  similar  rearrangemrata  of 
the  oxide  of  iron,  e.  g.  the  preaenoe  of  pieces  of  olay  in  the  Aahdomi 
iStuida,  Hastings  (I'l.  XV.  fig.  3S),  having  determined  the  aggiegatkB 
of  a  shell  of  oxideof  iron  around  them,acoompamed  by  the  bleaehing  sf 
the  Burroundiog  sandstone.  In  another  case,  lentioular  patohea  cf 
sandstone  in  tho  midst  of  a  more  dayey  bed  has  detan&uwd  tbi 
aggregation  of  the  ferruginous  line  to  the  point  of  separation. 

In  some  parte  of  the  Aahdown  sanda,  at  the  foot  of  tha  East 
Cliff,  Hastings  (fig.  69),    a    further 

change  has  supervened,  the  connected  Fig.  69. — AthdowK  StmJM, 
banding  having  gi\-en  place  to  the  se-  WttMr», 
paration  of  tho  oxide  of  iron  into  ■ 
small  nuclei,  the  diepoution  of  which  I 
laiutly  indicates  the  original  continn-  I 
ous  iiDos.  Nearly  all  yellow  strata  I 
coloured  with  the  hydrous  sasqnioxide  I 
of  iron  give  indications  of  theae  se-  I 
condary  changes.  The  Caloaire  gros- 
eier  (PI.  XV.  fig.  34)  a  ooeanooaU^ 
fiiintly  bauded ;  and  whererar  a  line  | 
occurs  darker  than  the  gnieral 
coloured  ground,  it  is  inTanahly  ae-  I 
companied  by  un  adjacent  line  some-  I 
what  Ughtar.  Although  theae  banda  I 
range  with  the  atratiflcaticai,  th«y  ■ 
can  scarcely  be  due  to  mere  medianical  : 
accumnlatiinu  seem  to  hav«  reaulted  froui  the  impoveriahmeiit  af 
the  adjacent  bleached  portiaaa. 


Liltcruatiot 


L-  dark.^t 
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Whaterermay  have  been  the  octiTe  agent  which  brought  about  these 
I'liaDges  of  positioD,  the  kind  of  motion  which  baa  rearranged  the 
uxide  of  irou  may  be  auggoitted  by  the  fitcta  before  ub.  Instead  of 
its  direct  accumulation  into  ephericol  nuclei  as  in  most  red  beds, 
the  separation  seems  to  have  taken  place  in  lines  which  have  ad- 
vanced in  one  direction,  leaving  behind  them  the  bleached  BandetoDe 
deprived  of  its  iron,  and  gradually  gathering  up  tbe  iron  in  its  advance. 
This  motion  baa  aomctimee  taken  place  in  the  plane  of  atratificBtion 
(Plate  XV.  fig.  34) ,  and  sometiines  centiipetally,  either  towards  some 
mechanical  nucleus,  which  it  baa  ultimately  environed  and  closed  over 
with  a  ferruginous  crust  (Plate  XY.  flg.  33),  or  in  tbe  body  of  the 
homogeneous  Btratum,  enclosing,  as  in  fig.  55,  p.  390,  an  isolated 
portion  of  the  unaltered  yellow  sandstoiie.  More  rarely  tbe  motion 
has  taken  place  centriAigally,  tbe  lines  expanding  &am  the  series  of 
centres  (PL XV. fig. 35,  and,  tuprd,  6g.  54),  ultimately  leaving  isolated 
exhausted  patches,  circumscribed  by  spherical  cakce  of  oxide  of  iron, 
and  lying  in  the  midst  of  the  unaltered  ferruginous  matrix. 

In  the  Wealden  and  Keuper  sandstone  these  lines  of  segregatJoai 
are  often  disposed  with  a  very  complex  arrangement,  one  ferrogi- 
noua  band  abruptly  terminating  at  right  angles  to  a  horisiontal  or 
concentric  scries.  The  lines  never  cross  each  other  ;  and  one  series 
api)carB  to  have  absorbed  (as  in  fig.  36,  PI.  XV.),  and  rearranged  on 
its  own  line  of  disposition,  the 

oxide  of  iron  from  the  lines  it  Fig.    60.  —  TeUow-handed  CarfKmi- 
superseded.  /«rou«    Sandttow,    BenthaU,  near 

There  ar«  cases,  as  in  fig.      Brottletf, 
fiO,   of  banded  Carboniferous 
Randstone   at  BenthaU,   near  I 
Broseley,  in  which  a  number  I 
of  concentric  linea  of  ferru-  I 
ginous  segr^ation  appear  to  I 
have  simultaneously  advanced  | 
and  cloaed  in  towards  a  centre,  I 
producing   an  alternation   of  I 
brown  bands  of  accumulation, 
and  bleached  bands  of  deple-  I 
tion,  t/u  lighUtt  and  darkal  I 
jHirts  beinff  aluiayi  m  juxta-  \ 
potitum. 

Another  point  to  be  noticed  is  tbe  occurrence,  within  the  light 
areas  of  depletion,  such  as  are  represented  in  figs.  53,  54,  55,  58, 
and  ttl,  of  isolated  patchee  of  the  unaltered  yellow  rock,  circum- 
scribed by  the  fbmigiuous  Hue  of  accumulation.  In  theee  (lases  tbe 
ferruginous  Une  bounding  the  mass  of  tbe  depleted  area  is  very 
siniioua,  a])parently  &om  an  irregular  rate  of  advance  at  different 
points,  llie  outer  yellow  ground  may  thus  intersect  tbe  depleted 
area  by  deep  baj's  (6,  fig.  61) ;  and  these,  by  the  continued  irregular 
advance  outwards  of  the  absorbing  line,  may  become  isolated  and  left 
behind,  like  islands  («,  fig,  CI)  iu  tbe  depleted  area.  There  is  also 
HMulhor  cause  for  this  pbcnomenon :  the  sinuous  circumscribing  line 
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of  two  neighbouring  areas  of  depletion,  in  their  centrifagal  advance, 
will  ultimately  coalesce  (as  near    „.     ^-       r..    _..       ^  r  •       ^  « 
the  bottom  of  fig.  37,  Plate  XV.)    ^'«'  61.— Dtrectwn  of  Line  ofFer. 
at  the  first  point  of  contact,  and         r^^noi^Accumulattonin banded 
thus  bohite  portions  of  the  yel-         ^^^^^^  tMndstones, 
low  ferruginous  ground,  as  in 
fig.  61,  c,  f. 

The  further  encroachment  of 
the  line  of  accumulation  over  the 
detached  patch  will  then  be  con- 
vergent, though  it  is  simply  an 
uninterrupted  continuation  of 
the  divergent  course  of  the  main 
line.  This  may  perhaps  help  to 
explain  the  apparently  opposite 
courses  that  the  absorbing  lines  have  taken  under  similar  conditioDS ; 
the  kind  of  motion  is  the  same  in  both  cases,  the  uniform  tendency 
being  for  the  line  of  accumulation  to  advance  from  tlu  already  ex- 
hausted area  towards  the  unexhausted  part,  whether  it  he  a  eenirifuaal 
or  centripetal  motion. 

This  yellow  banding,  represented  in  fig.  36,  Plate  XV.,  is  so  evi- 
dently connected  with  the  contiguity  of  mineral  veins,  that  it  may 
be  important  to  notice  the  precise  manner  of  its  occurrence.  The 
Lower  Keuper  of  Shropshire  consists,  for  the  most  part,  of  light-buff 
sandstone,  brown-mottled  sandstone  (fig.  40,  Plate  XV.),  beforo  re- 
ferred to  (p.  376),  rod  sandstone,  scarcely  distinguishable  from  the 
underlying  Buntcr,  and  the  curiously  banded  yellow  sandstone, 
fig.  36  (PI.  XV.).  These  do  not  occupy  distinct  stratigraphical 
horizons.  The  red  and  buff  scries  of  rocks  is  vertically  intersected 
by  copper-lodes*  of  a  bright  sea-green  colour,  for  the  most  part 
devoid  of  iron.  The  sandstone,  which  at  a  distance  from  the  lode  is 
red  and  buflT,  is,  where  it  forms  its  boundary,  charged  with  hydrous 
sesquioxide  of  iron,  arranged  in  fine  bands.  The  ferruginons  lines 
end  irregularly  and  abruptly  against  the  lode-like  mass  of  sandstone 
charged  with  copper,  the  boundary  being  generally  defined  by  a  thin 
brown  line  of  hydrous  sesquioxide  of  iron,  into  which  the  other  ferm- 
ginous  courses  coalesce.  The  presence  of  this  "  cordoioy  rock  "  is 
looked  upon  by  the  miners  as  a  sure  indication  of  proximity  to  the 
copper ;  and  as  the  lode  is  horizontally  receded  from,  the  aandstime 
assumes  its  ordinary  red-and-cream  colour. 

Looking,  then,  at  the  fact  that  the  light  beds  of  the  Keuper  are  both 
underlain  and  succeeded  by  great  masses  of  red  beds,  and  that  Uiey 
include  isolated  patches  of  red  rock  vertically  disposed  throu^  their 
mass,  and  much  iron  in  a  variety  of  conditions  and  modes  of  ar- 
rangement on  every  horizon,  their  uniformly  primordial  i^  ooloor 
seems  probable ;  and  the  evident  connexion  between  the  vari^atioii 

*  These  are  not  true  lodes  with  a  distinct  filling  to  the  matrix,  but  oonsiii  of 
the  ordinary  sandstone  charged  with  from  1  to  5  per  cent,  of  caH>onate  of  copper, 
and  containing  also  cobalt,  manganese,  baryta,  lead,  Ac.,  the  whole  having  a  lode- 
like  disposition  Tortically  intersecting  the  adjacent  rock. 


1868.]  MAW — TARIEOATED  STHATA.  396 

of  these  beds  and  the  occurrence  of  mineral  veins  may  perhaps  help 
to  throw  some  light  on  the  agency  by  which  the  rearrangement  of 
the  iron  has  been  influenced. 

Another  peculiar  form  of  variegation  occurring  in  the  Keuper  Sand- 
stone, and  duo  to  the  secondary  disposition  of  copper  and  iron,  is 
reproscnted  in  figs.  38  &  39,  Plate  XV.,  from  the  Alderley  copper- 
mine,  and  consists  in  the  segregation  to  distinct  points,  out  of  a  com- 
mon ground,  of  carbonate  of  copper  and  hydrous  sesquioxide  of  iron. 
These  examples  give  evidence  of  a  dispersive  as  well  as  an  aggrega- 
ting action  ;  for  round  each  nucleus  of  copper  there  is  a  pale  circum- 
scribing zone  from  which  the  iron  has  been  expelled.  The  iron 
appears  also  to  have  occupied  particular  centres,  from  which  the 
copper  has  in  like  manner  been  driven,  resulting  in  a  singularly 
picturesque  mottling  of  brown  and  blue  blotches,  with  interspersed 
gradations  of  green  and  yellow. 

13.  The  Variegated  Iron-ore  Deposits  of  the  Northamptonshire 
Oolites, — In  connexion  with  the  subject  of  yellow-banded  sandstones, 
reference  must  be  made  to  the  ironstone  deposit  of  Northampton- 
shire, which  illustrates  with  strongly  marked  features  the  same  prin- 
ciple of  arrangement.  A  position  has  been  assigned  to  it  both  at 
the  base  of  the  Great  Oolite  and  the  top  of  the  Inferior  Oolite.  The 
workable  bed  averages  from  12  to  20  feet  in  thickness.  Fig.  37 
(Plate  XV.)  represents  a  portion  from  the  neighbourhood  of  Blis- 
worth,  compiled  from  a  sketch  made  on  the  spot,  and  some  photo- 
graphs kindly  procured  for  me  by  my  friend  Mr.  S.  Sharp,  F.G.S., 
of  Dallington  Hall.  The  whole  stratum  gives  indications  of  having 
been  completely  rearranged  since  its  deposition,  even  to  the  almost 
entire  obliteration  of  its  stratified  structure. 

Taking  the  bed  en  masse,  it  contains,  averaging  one  part  with 
another,  from  25  to  40  per  cent,  of  iron.  It  consists,  for  the  most 
part,  of  a  loose  earthy  friable  ground  of  a  bright-yellow  colour,  ex- 
hibiting an  oolitic  structure  under  the  microscope.  Its  composition 
is  as  follows : — 

No.  79.  Analysis  by  Dr.  Voelcker  of  a  friable  portion  of  the  North- 
amptonshire iron  ore,  near  Blis  worth : — 

Protoxide  of  iron 0-876 

Se8quioxide  of  iron  21*280 

Phosphoric  acid    1*030 

Sulphuric  acid  0*219 

Silica,  lime,  alumina,  magnesia,  &c„  not  separately  determined 76*596 

Carbonic  acid none. 

This  was  pervaded  by  hard  ferruginous  bands  having,  for  the  most 
part,  a  curious  cellular  arrangement,  with  the  same  disposition  as 
the  structure  represented  in  fig.  54;  but,  instead  of  occurring  at  iso- 
lated intervals  on  the  yellow  ground,  the  entire  mass  of  the  stratum 
is  made  up  of  the  box-like  structures.  From  mutual  pressure  in  close 
proximity  they  have  assumed  the  forms  of  irregular  cubes,  sometimes 
elongated  in  harmony  with  the  stratification,  but  occasion^y,  where  a 
joint  appears  to  have  occurred,  attenuated  in  a  vertical  direction.  It  is 
important  to  notice  that  the  boundary  of  each  cavity  is  independent 
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Kttd  complete  in  itself,  so  that  tho  hard  aepta  eep«nting  the  eabea  an 
dmdie,  and  may  geoerallj  bo  parted  into  distinct  layers  (fig.  62). 
"Dm  following  dotenninQtion  of 

the  iron  was  mado  by  Dr.  Voolc-  Fig.  Q2.— Detail  of  Structure  of 
ker.  (^  Oolitic  Iron-ore  formation, 

Analysis  No.  78,  of  hard  fer-         NoHhanvpt^tukirt. 
ruginouB  cakes  and  layers,  North- 
amptoQshiro  iron-oredcpoeit,ncar  \ 
Blisworth  ;— 

Protoxide  of  iron 1-352 

Swquioiide  of  iron ^^■T<•J^ 

Phoroborio  Kid  0-020 

CwbonioBoid  OOH 

Silica,  alumina,  lime,  water,  j 
Ae.,  not  separately  deler-  \ 


These  bands  of  accumulation  appear  to  have  originated  in  the  same 
way  as  the  dork  lines  repreeented  in  %.  54,  p.  390,  each  having  ad- 
vanced from  its  centre  until  arrested  by  contact  with  its  neighbonr, 
mutual  pressure  against  each  other  having  determined  the  angular 
form  of  the  fomiginoas  HhellB. 

In  addition  to  tlio  yellow  earthy  ground  forming  the  mass  of  the 
deposit,  and  occupying  most  of  the  cavities,  two  oUier  conditions  of 
iron  are  found.  At  about  the  middle  of  the  bed  occurs  a  line  of  grey 
nodules  of  compact  carbonate  of  iron,  each  of  which  is  environed  1^ 
a  cellular  crust  of  the  hydrous  sesquioxids;  their  composition  is  as 
follows. 

Analysis  No.  76,  by  Mr.  D.  Forbes,  of  nodules  of  compact  carbo- 
nate of  iron  (npper  i»rt  of  fig  37,  Plate  XV.).  Iron-ore  Eormatioii, 
Inferior  Oolite,  near  Blisworth : — 

Specific  gravity  3-5fl. 

Protoxide  of  iron 49'58-T0'9  carbonale  of  iirni. 

8f»quioude  of  iron !r^l 

Binilphide  of  iron 0-96  =  iron  0-45,  sulphur  0-fil. 

Protoiide  of  manfpnMe 0-l(> 

Alumina 1-56 

lime    ._. 3-24  =  5-8  carbonnte  of  lime. 

HunMia 0-4*1''  10  mrboniite  of  mBgned^. 

Qubonioadd 34*1 

Phovphorie  acid 0-44 

Silica  2-16 

Organic  matter  Trace. 

Water  of  combination I-ut 

I00« 

Still  lower  down,  near  the  base  of  the  deposit,  are  some  green 
patches,  likewise  environed  by  a  sinuous  lino  of  the  brown  ferruginous 
cake.  Except  in  colour,  they  resemblcin  aspect  and  texture  the  general 


1868.]  MAW TARIEOATED  STRATA.  397 

earthy  ground  of  the  deposit,  being  made  up  of  incoherent  Oolitic 
grains.     The  following  is  their  composition. 

Analysis  No.  77,  by  Mr.  David  Forbes,  of  green  patches  at  base 
of  Northamptonshire  iron-ore  deposit  {&g,  37,  Plate  XV.). 

Protoxide  of  iron    40*1)3 

Sesquioxide  of  iron 6*14 

Protoxide  of  mangnneiie 0*16 

Alumina  8*08 

Lime    3*47 

Magnesia 2*21 

Potash 019 

Soda 0*27 

Sulphur   trace 

Carbonic  acid 22*32 

Phosphoric  acid 1*99 

Silica    9*04 

Water  4*92 

99*72* 

The  specific  gravity  at  60°  Fahr.  was  found  to  be  3*401 ;  and  an 
examination  by  the  microscope  showed  it  to  consist  almost  entirely 
of  two  mineral  constituents — the  one  crystalline  and  colourless,  being 
chiefly  carbonate  of  iron,  and  the  other  of  a  green  colour,  probably 
silicate  of  alumina  and  iron.  Whether  the  green  colour  is  due  to 
it  or  to  the  presence  of  phosphate  of  iron  is  not  decided,  but  it  ap- 
pears probable  that  a  green  silicate  does  exist  in  the  mineral. 

It  may  be  roughly  estimated  to  consist  of 

80  per  cent,  of  carbonate  of  iron, 
7  per  cent,  of  carbonates  of  lime  and  ma^esia, 
Hi  per  cent,  of  silicates  of  iron  and  alumina  with  phosphoric  acid, 
and  1^  per  cent,  of  water. 

It  will  be  seen,  therefore,  that  the  composition  of  the  grey  nodules, 
and  likewise  of  the  friable  green  patches,  is  essentially  different  from 
that  of  the  mass  of  the  deposit,  and,  furthermore,  that  their  isolated 
disposition  excludes  the  possibility  of  a  separate  mechanical  origin. 
The  question  then  arises,  whether  any  of  the  states  of  combination 
in  which  the  iron  now  occurs  in  the  bed,  was  its  primordial  con- 
dition, and  which  of  the  other  conditions  have  been  subsequently 
induced.  The  nodules  of  subcrystalline  carbonate  of  iron  forming 
the  upper  grey  course  are  clearly  of  secondary  origin,  and  appear  to 
have  been  segregated  out  of  the  general  mass ;  and  the  lower  green 
patches  do  not  differ  much  from  them  in  composition,  though  retain- 
ing the  original  oolitic  structure  of  the  rock.  Mr.  Sorby  (Proceed- 
ings of  the  Geological  and  Polytechnic  Society  of  the  West  Riding  of 
Yorkshire  for  1856-57,  p.  457)  has  shown  that,  in  the  Cleveland 
iron  ore  of  the  Lias  Marlstone,  carbonate  of  iron  has  become  sub- 
stituted for  carbonate  of  lime  in  fossil  shells  and  oolitic  grains ;  and 
it  appears  probable  that  these  similar  masses  in  the  Northampton- 

*  The  composition  closely  resembles  that  of  the  CleyeUnd  iron  ore  analyzed 
by  Mr.  Dick,  and  given  at  page  57  of  the  12th  volume  of  the  Quarterly  Journal 
of  the  Society. 
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ehire  bods  are  due  to  segregation,  in  which  carbonate  of  iron  has  in 
like  manner  been  drawn  towards  ceutrcB  of  aggregation,  whilst  the 
hydrouB  seHquioxido  has  been  dispersed,  in  the  form  of  receding 
bands,  out  of  an  original  matrix  contuining  both  the  carboaate  of 
protoxido,  and  Hesquioxide  of  iron  in  association.  Tho  phosphoric 
acid  appears  to  have  been  nearly  all  abrogated  with  the  carbonate 
of  iron,  scarcely  any  occurring  in  the  brown  cakee  of  seaquioxide; 
and  the  carbonic  acid  has  sJso  been  almost  entirely  withdrawn  from 
the  brown  bands  and  general  mass  of  stratum  to  the  centres  of 
aggregation  of  the  protoxide  of  iron.  It  may  here  be  noticed  that 
concretions  of  carbonate  of  iron,  whererer  occurring,  inToriably 
present  the  uniformly  homogeneous  structure  *  observed  in  those  of 
the  Northamptonshire  beds,  whilst  nodules  of  sesquiozide  of  iron 
are  characterized  by  a  concentric  banding,  such  as  would  be  the 
result  of  eucceasivo  accumulations  of  tho  concentrating  lines  ob- 
served in  yellow-banded  sandstones  (fig.  60,  p.  393). 

Kernel -roaslinif.-^-The  artificial  process  known  as  "  kernel-roast- 
ing" of  copper  ores  presents  some  phenomena  so  closely  resembling 
the  mode  of  ^gregation  of  the  oxides  of  iron  in  yellow-bonded  sand- 
stones, that  a  brief  reference  to  it  may  not  be  inapplicable  as  illus- 
trating  the  kind  of  motion  whicli  the  iron  appears  to  have  taken.  A. 
full  description  will  be  found  at  p.  349  of  '  Percy's  Sletallurgr,' 
from  which  tho  following  is  abridged.  When  cupriferous  iron  py- 
rites containing,  say,  from  one  to  two  per  cent,  of  copper,  in  lumps 
about  as  largo  as  the  fist,  is  subject  to  a  very  gradual  roasting  at  a 
low  heat  with  access  of  air,  it  is  found  'that  a  large  portiou  of  Qie 
copper  becomes  concentrated  in  tho  centre  of  each  lump  (fig,  63t). 

Fig.  63. — "  K'nifl-roanlitVf ''  of  Copper  Oret. 


In  the  early  part  of  the  process,  a  lump  broken  across  (a  and  b) 
consists  of  a  central  mass  of  unchanged  ore,  enclosed  in  a  shell  of  a 
reddish-brown  substance  like  sesquioxide  of  iron ;  and  between  the 
two  is  interposed  a  thin,  more  or  less  continuous  layer  containing 
more  copper  than  the  original  ore.  At  about  the  middle  of  the 
roasting,  several  such  concentric  layers  may  bo  observed ;  and  when 
the  process  is  (hrther  advanced,  a  nucleus  of  unchanged  ore  can  no 
longer  be  seen,  the  outer  brown  crust  becomes  greatly  increased, 
and  the  concentric  stratification  of  tho  copper  layers  is  stUl  visihle. 

*  Merely  u  n-KBrda  the  aboenm  of  bandinE,  as  tnbaeqiuint  breoeiatiOD  b** 
frrquentlj  produced  complex  tnodificatioiu  in  Uie  orisiasl  Btmoture. 

t  Pot  the  lue  of  this  engrating  T  am  indobt«it  to  ^  kindnne  of  Dr.  Twij. 
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In  the  lafit  stage  (c)  the  coucontric  urruugcmont  disappeura,  aud  the 
grt'at  bulk  of  tho  copper  is  ucrumiiluttd  as  a  central  iiucleua  in  the 
condition  of  rich  copper  regulna.  In  lurgu  lumps  several  such  nuclei 
may  be  formed. 

Thi!  various  chi'inical  changes  taking  place  in  the  several  stages, 
wliich  have  been  inveatigated  by  Liiraer,  are  fully  described  by 
Dr.  I'erty ;  but  a  sutiafactory  eaplauatiou  of  tho  characUr  of  the 
motion  of  the  copper  towards  a  central  nucletis  seems  wanting.  It 
cannot  be  the  result  of  the  mechauiual  aggregation  of  fused  particles, 
as  the  heat  is  not  carried  nearly  to  tho  melting-point,  or  even  to 
plastic  fusion  ;  indeed  the  action  is  arretted  beyond  a  cei-tain  tempe- 
rature, and  concentration  is  not  the  only  phenomenon. 

llr.  D.  i'orbes  states  that  when  silver  is  present  iu  the  ores,  it 
nppciH^  to  Inirel  otilwaitls,  and  that  he  has  seen  some  specimens  in 
which  the  outer  surfiice  of  the  piece  of  roasted  ore  was  covered  by  a 
thin  sjiell  of  metallic  silver,  as  if  electro- deposited.  The  phenomena, 
if  not  analogous,  bear  a  curious  resemblance  to  the  kind  of  changes 
which  have  taken  place  in  the  Northamptonshire  iron-ore  beds,  in 
which  the  protoxide  of  iron,  and  pliosyhoric  and  carbonic  acids,  have 
been  abrogated  towards  definite  centres,  whilst  the  sesquioxide  has 
been  repelli-d  from  such  ceiitres  in  concentric  ferruginous  bands, 
travelling  outwards  until  arrested  by  mutual  contact. 

I  believe  that  many  of  the  phenomena  connected  with  banded 
agatesceut  and  other  concretions  will  bo  found  analogous  in  cha- 
racter to  these  phenomena,  and  to  the  ferruginous  banding  of  yellow 
strata — their  accumulation  having  taken  ploce  in  convergent  or  retro- 
grcHsivu  lines  within  a  solid  matrix,  producing  a  structure  resembling 
the  mochauical  superposition  of  successive  coata, 

14.   Disposition  of  Manganese  in  VaAegafed  Stititii. — Another  case 
of  secondary  variegation,  resembling,  though    independent  of,  the 
otcvirrence  of    iron    which 
may  here    be      oticed      s  Fg  C4 — C    bonf  ovsGrta  dSand 


represented  n  fig  64 
sandstone  an  1  gnt  o  rr  g 
at  the  base  of  th  bhropsh  re 
(Joal-measur  "8  The  black 
liclds  of  colour  are  due  to 
Kes'iuio:fide  of  n  goneac 
theyvertieall)  inter*.ct  s  c 
ccssive  beds  of  conglomerate 
and  sandstone  and  the  r 
disposition  s  obv  o  sly  d 
to  some  ca  «e  nd  pendent 
of  incchanicil  arrangeraenf 
analogous  to  the  forces  that 
have  operated  n  the  r  r 
rangemi-nt  of  ron 

15.  Gene  leouJuso  »  — 
In  comparing  the  eO]n]>oin- 
tion  of  the  different  coloured  a 

vol,.  .YSIV. rAllT  1, 
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»trikiug  poiuts  is  the  very  small  proportion  of  the  numerous  forms 
of  viiriegation  that  can  he  accounted  for  by  the  mere  altered  state 
of  combinatioii  of  the  iron  in  situ. 

The  occasional  convei-sion  of  the  red  anhydrous  sesquioxide,  or  the 
lower  hydrates,  into  fully  hydrous  sesquioxide,  the  reduction  of 
ses(iiiioxide  to  ])rotoxide  of  iron  in  the  production  of  green  slates, 
and  the  exceptional  cases  of  the  alteration  of  colour  of  red  beds  by 
the  decom])Oi*ition  of  bisulphide  of  iron  complete  the  list  of  colour- 
alterations  by  simple  chemical  change. 

Even  the  agency  of  organic  matter  in  inducing  chemical  changes 
in  the  state  of  combination  of  the  iron,  will  not  in  most  ca.'*«i 
account  for  the  bleaching — tho  scgrcgational  motion  of  the  colour- 
ing oxide,  which  is  the  ultimate  cause  of  the  variegation,  being 
su])plemental  to  the  simple  chemical  changes  of  combination.  The 
great  majority  of  cases  of  variegation  are  independent  of  altered 
combinations,  and  more  often  than  otherwise  seem  to  have  been 
induced  by  agencies  not  directly  connected  with  chemical  change. 
The  transt'erence  of  the  colouring  oxide  from  one  part  of  the  stratum 
to  another  has  taken  place  by  the  simple  mechanical  agencies  of 
infiltration  and  dissolution,  as  well  as  by  segregation ;  but  the  latter, 
above  all  other  agencies,  has  played  the  largest  part  in  the  variegation 
of  ferruginous  rocks. 
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CoNrExrs. 

1.  IntroduL'tiuii. 

II.  CarbuiiatTi>us  Km'kt*  or  C'uhn-measures. 
HI.  DeTonian  Kocks. 

1.  1)e(l8  U*lo\v  the  Plvinoiith  nnd  Torbay  Limestones. 
1.  The  Plyinoutli  and  Torlwy  Iiiniet*toue8. 
.').  Beds  overlying  tlie  Plymouth  und  Torbay  Limestones. 
1 V.  Metaniorpliie  Koc^ks  of  the  ISahrombe  District. 
V.  l)artni(K>r  and  Brown  Willy  Granite. 
^'J.  General  Kcniarka. 

I.    IXTRODUCTIOX. 

In  the  course  of  last  year  I  made  an  examination  of  the  older  rocks  of 
South  Devon  and  the  adjacent  portions  of  Cornwall,  for  the  puipote 
of  ascertaining  the  stratigraphical  relations  of  the  different  beds,  or 
groups  of  hcds,  ^ith  a  \'iew  to  their  coordination  with  the  more 
complete^  and  better-known  series  in  the  northern  part  of  the  county. 
1  wtLs  led  to  undertake  this  in  the  belief  that,  notwithstanding  the 
many  memoirs  that  have  appeared  on  Devonian  Geology,  there  was 
still  a  veiy  great  difference  of  opinion  among  geologists  respecting 


T»l 


*  This  memoir  i.«  illuMniled  by  nn  Ordnance  Map  coloured  gcnlogiosllv,  ftom 
iicli  1*1.  -\VI.  liar'  invn  reduced. 
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the  relations  of  the  beds  on  the  south  side  of  the  Culm-measures ;  and 
any  one  who  is  acquainted  with  the  literature  of  the  subject  will,  I 
think,  admit  the  fact.  Indeed  the  late  Sir  Henry  De  la  Beche, 
subsequently  to  his  last  essay  in  the  first  volume  of  the  Memoirs 
of  the  Geological  Survey,  regarded  the  succession  of  the  rocks  as 
still  unravelled,  and  expressed  his  intention  of  taking  an  early 
opportunity  of  revising  this  portion  of  his  labours* . 

Many  of  the  difficulties  which  stood  in  the  way  of  the  pioneers  of 
Devonian  geology  have  long  since  been  cleared  away,  more  especially 
by  the  publication  of  the  Geological  Survey-maps  of  Devon  and  Corn- 
wall, the  general  accuracy  of  which  is  all  the  more  remarkable  as  it  was 
the  first  attempt  at  anything  in  equal  detail  in  this  country  ;  and  a 
great  step  was  made  towards  a  better  understanding  of  the  structure 
of  the  Devonian  country  when  Prof.  Sedgwick  and  Sir  Roderick 
Murchison,  in  identifying  the  Culm-measures  with  the  Carboni- 
ferous system,  separated  them  from  the  underlying  slaty  rocks  with 
which,  under  the  name  of  Grauwacke,  they  had  been  previously 
united t.  Nor  need  the  general  order  of  succession,  as  established 
by  them  thirty  years  ago,  in  the  first  of  their  memoirs,  be  greatly 
disturbed.  But  there  are  many  matters  of  detail,  not  comprehended 
in  their  memoir,  which  are  still  open  to  inquiry,  notwithstanding  the 
elaborate  and  able  report  subsequently  published  by  the  Geological 
Survey  if.  To  this  work  the  following  communication  must  be 
regardedj  as  supplementary,  its  object  being  to  enter,  in  a  general 
manner  only,  on  the  consideration  of  certain  points  in  the  physical 
structure  of  that  portion  of  the  country  which  lies  to  the  south  of  the 
Carbonaceous  rocks  of  Central  Devon  and  adjacent  parts  of  Cornwall. 

II.  Carbonaceous  Eocks  or  Cmjc-MEAsxTRis. 

The  Culm-measures,  as  they  occur  on  the  southern  side  of  the 
great  synclinal  trough  of  Central  Devon,  consist  of  argillaceous  slates, 
with  seams  of  grit  and  chert,  and  include  beds  of  volcanic  ash  and 
limestone,  the  latter  for  the  most  part  of  dark  colours.  These  lime- 
stones are  precisely  similar  to  those  at  the  northern  edge  of  the 
trough,  near  Bampton  and  South  Molton ;  and  the  grit  and  chert 
beds  resemble  those  of  Coddon  Hill ;  but  the  interstratified  volcanic 
rocks,  which  are  not  met  with  in  the  north,  occur  here  in  consider- 
able abundance  ;  and  as  they  are  likewise  abundant  in  the  underlying 

*  See  Sir  Charles  Lemon's  Presidential  Address,  1848.  Trans.  Boy.  Qeol. 
Sec.  of  Cornwall,  35th  Annual  Beport,  p.  13. 

t  Trans.  G^l.  Soo.  2nd  ser.  toI.  t.  p.  633.  This  first  great  reform  in  the  classi- 
ficution  of  the  rocks  of  Devonshire  was  made  by  Professor  Sedgwick  and  Sir 
Boderick  Murchison  in  1836,  and  was  communicated  to  the  British  Association 
in  that  jear  at  Bristol.  See  Beport  of  British  Association  1836,  Proc.  of  Sec- 
tions, p.  95.  All  geologists,  including  Sir  H.  De  la  Beche,  had  previously  con- 
siderea  the  whole  of  the  great  Carboniferous  tract  of  De?on  to  be  part,  and 
even  a  lower  part,  of  that  Grauwacke  series  which  Sedgwick  and  Murchison 
assigned  to  the  true  Devonian,  and  which  they  had  proved  to  underlie,  and  be 
wholly  distinct  from,  the  Culm  strata.  See  also  Trans.  Gkol.  Soc.  2nd  ser.  vol.  v. 
p.  701.,  where  the  terra  Devonian  was  proposed. 

{  Geolo'^ical  Bejwrt  on  Cornwall.  Devon,  and  West  Somerset,  p.  56  et  *rq. 
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Devonian  rocks,  they  give  to  the  two  fonnations  a  general  facies  more 
{similar  in  the  soutliern  than  in  the  northern  part  of  the  county ;  and 
th(ur  sejmnitiou  is  consequently  more  difficult.  But  although  much 
of  the^e  bluty  rocks  bears  a  strong  resemblance  in  lithological  character 
to  those  of  the  underlying  series,  and  occasionally  gives  rise  to  much 
l)eq)K*xity  in  deciding  to  which  system  particular  portions  should  be 
referred,  nevorthele:s8  they  differ  as  a  whole  in  a  manner  which  19 
sufficiently  obvious,  but  which  it  is  difficult  to  convey  in  words.  For 
instance,  the  underlying  rocks  along  the  southern  border  of  the  Culm- 
measures  are  almost  entirely  devoid  of  grits,  and  consist  essentially 
of  lino  argillaceous  slates,  more  or  less  mixed  with  volcanic  matters, 
and  often  much  affected  by  cleavage.  The  higher  series,  on  the  con- 
trary, is  distinguLslied  more  particularly  by  the  thin  seams  of  green- 
ish-grey grit,  varying  from  half  an  inch  to  2  or  3  inches  in  thidtness, 
which  they  contain.  These  grits  sometimes  become  locally  more 
developed,  and  then  constitute  beds  of  greenish  or  g^yish  sandstone 
of  considerable  thickness,  separated  only  by  thin  seams  of  slate ; 
while  in  other  places  the  thin  grits  ai'e  represented  by  thinly  bed- 
ded black,  or  black  and  white,  chert  interstratifiedwith  dark-coloun^ 
slate,  both  the  chert  and  the  slate  ha\ing  a  tendency  to  become 
bleached  in  weathering.  Carbonaceous  matter  is  not  by  any  means 
so  generally  distributed,  nor  so  characteristic  as  might  be  expected ; 
and  cleavage,  although  not  absent  from  the  more  purely  argillaceous 
portions  of  the  series,  is  not  so  frequent  as  in  the  lower  rocks. 

The  southern  limit  of  these  Carbonaceous  rocks  ranges  from  the 
coast  at  Boscastle  by  Lesnewth  to  Hallworthy,  and  thence  along  the 
south  side  of  Laneast  Down,  and  the  north  of  Trewcn,  to  a  north 
and  south  fault,  which  crosses  the  I^aunceston  turnpike-road  west  of 
Kcnners  House,  and  is  laid  down  in  the  maps  of  the  Geological  Sur- 
v(;y.  This  fault  throws  down  the  Culm-measures  on  the  eastward, 
and  brings  the  line  between  them  and  the  underlying  slatvs  south- 
wards to  Congdon.  From  Congdon  the  line  passes  by  Bolathan  to 
the  north  side  of  the  brook  at  Does  Houses,  where  a  few  beds  of 
slate  separate  the  Culm-measures  from  the  northernmost  of  the 
tliree  Petherwin  limestones.  The  Culm-measures  dip  to  the  north, 
and  presene  this  dip,  undulating  at  angles  which  vary  from  5  to 
15°,  to  within  half  a  mile  of  Launceston,  where  it  becomes  reversed. 
A  little  further  do>\Ti  the  stream,  on  its  north  side,  on  the  road  from 
Launceston  to  Landlake,  there  is  a  quarry  of  dark-blue  or  nearly 
black  slate,  with  thin  seams  of  grey  grit.  The  slates  contain  Postdono- 
mya,  and  dip  south  at  from  5°  to  10°.  On  the  opposite  side  of  the 
brook  are  the  fossilifcrous  grey  slates  overlying  the  limestone  which 
h as  yielded  the  rich  but  peculiar  Cephalopod  fauna  of  Landlake.  Both 
the  slatas  and  tne  limestone  dip  N.  30°  E.,  at  an  angle  of  about  20° ; 
while  the  Culm -measures  dip  towards  them  with  a  lower  but  some- 
what undulating  dip.  A  quarter  of  a  mile,  or  rather  less,  to  the 
S.S.E.  of  the  limestone,  black  chert  is  quarried  in  a  field  on  high 
ground,  dipping  E.  25°  8.,  at  a  low  angle,  with  much  contortion ;  and 
a  little  further  down  the  brook  similar  beds  are  exposed  near  the 
bridge  under  Hardow  Down,  overlain  by  dark-grey  flags  with  plant- 
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remains.  These  beds  rise  gently  towards  the  south  ;  but  the  chert 
is  much  contorted.  Yellowish  or  greenish  Culm-measure  sandstones, 
with  plant-remains,  are  also  seen  in  a  small  roadside  excavation 
half  a  mile  to  the  south-east  of  Hardow  Down,  opposite  the  turn-off 
to  Burdown,  dipping  S.  40°  E.  From  this  place  the  line  of  junction 
between  the  two  formations  passes  in  a  southerly  direction  to  near 
St.  Lavers  ;  but  a  small  outstanding  patch  of  chert  occurs  in  a  field  a 
little  south-east  of  Trewarlet,  resting  upon  slates  which  contain  fos- 
siliferous  seams,  which  appear  to  be  on  the  horizon  of  the  Pether- 
win  beds.  These  slates  dip  due  south,  while  the  chert  in  the  field  dips 
south-west  at  a  low  angle,  and  is  underlain  by  thin  grey  grit  exposed 
near  the  entrance  to  the  field.  Beyond  the  slates,  and  about  half- 
way between  the  chert-quarry  and  St.  Lavers,  the  lane  is  crossed  by 
a  fault  running  N.E.  and  S.W.,  which  brings  down  a  narrow  strip 
of  Culm -measure  slate  and  grit,  together  with  some  calcareous  vol- 
canic ash,  dipping  S.W.  On  the  south  side  of  the  little  stream,  how- 
ever, we  almost  immediately  come  to  pale-green  slates  belonging  to 
the  underlpng  series,  dipping  S.  20°  E.  at  a  rather  high  angle  ;  and 
this  dip  is  continued  to  beyond  Lezant. 

From  St.  Lavers  the  line  passes  south  of  Landue  Mill,  and  across 
the  Callington  turnpike-road,  in  a  south-easterly  direction,  at  a  spot 
where  unconformability  is  noticed  by  Sir  Henry  De  la  Beche*  (but 
which  in  reality  is  a  line  of  fault,  as  his  sketch  clearly  shows),  and 
thence  on  towards  Lowley  Bridge.  Before  reaching  Cudducombe, 
however,  we  again  find  Culm-measure  slates  and  grits,  the  line  be- 
tween them  and  the  underlying  rocks  recrossing  the  turnpike-road 
to  Trekenna,  whence  a  long  narrow  strip  of  Carbonaceous  rocks  runs 
along  the  northern  slope  of  the  ridge  which  extends  from  East  Pen- 
rest  to  beyond  TreboUets.  Along  this  narrow  strip  the  chert,  which  is 
well  exposed  in  the  quarries  opened  for  road-stone,  is  for  the  most  part 
white,  and  dips  north-east ;  but  the  bedding  is  much  contorted,  and 
southerly  dips  occur  lower  down  in  the  valley.  On  the  high  ground 
south-east  of  Lazant,  near  a  place  marked  "  Ruins"  on  the  Ordnance 
Map,  coarse  thick  slates  are  exposed  in  a  roadside-cntting;  but  I  could 
not  satisfy  myself  whether  they  belonged  to  the  Culm-measures  or  to 
the  underlying  series. 

Descending  the  hill  from  Cudducombe  to  the  Inny  river,  either  by 
the  Callington  turnpike-road  or  by  the  lane  which  leads  to  Trehing- 
stow,  we  pass  over  dark-coloured  slates  with  thin  grey  grits  dipping 
S.  20°  W.  These  beds  cross  the  river  below  Trecarrel  Bridge,  and 
are  separated  from  the  volcanic  ash  on  the  south  side  of  the  stream 
by  a  very  inconsiderable  thickness  of  the  lower  slates,  as  seen  in  the 
section  on  the  road  from  the  bridge  to  Linkinghom ;  but  unfortunately 
the  actual  contact  is  obscured  by  rubble.  At  Tregvis  the  beds  dip 
8.  20°  E.,  but  halfway  thence  to  Lower  Trelabe  they  dip  N.  25°  E. 
at  5°.  Between  these  two  places  occurs  the  axis  of  a  synclinal 
trough  occupied  by  Culm-measures,  which  here  consist  chiefly  of 
slates,  often  of  dark  colour,  and  thin  grey  grits,  with  one  or  two  in- 
considerable bands  of  volcanic  ash  near  Congdon.     These  beds  ran 

*   Rep.  p.  107,  and  wood  nit. 
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u])  by  Cofifles  Grooii,  Congdon,  and  Trevadlock,  and  by  the  north  of 
Xi^liton  nearly  to  Altt'rnan.     The  lowermost  beds  here  appear  to  l»e 
ar;:ill:i'Oous  ;  luid  iilthou'^li  Kometimcs  black,  as  at  Tre\Ty,  Trevadlock. 
and  'rrev:in:t',  ihoy  art*  liable  to  become  whiteneil.  or  of  a  very  jiale 
colour,  from  exposure,  and  arc  then  sometimes  difficult  to  separate 
from  the  undfrlyinj;  rocks.     North-east  of  Xightou  the  grey  grits 
have  been  tjuarriecl  at  the  edjj:e  of  a  wood  near  the  turnpike  road, 
where  the  beds  dip  X.  2M°  W.  at  15°,  and  are  in  the  same  mineral 
eondition  as  at  Trel.ibe,  and  on  the  banks  of  the  Innv  below  Trecarrel 
Hridjr** :     «h<1    in   some  of  the  beds   plant-remains  are   numerous. 
All  the  bi^di  proinid  on  either  side  of  the  turnpike-road  from  the  west- 
ward of  Alternan  to  Coades  Green  is  eap|)ed  with  the^se  l^eds,  the 
^rils  weathrrin;^  to  a  frreenish  j'ellow  colour,  and  becoming  whitened 
on  the  snrl'aer,  and  the  slates  becoming  pale  and  soft,  and  then  ho 
niueh  resemblinj;  some  of  the  underlying  series  that  it  is  difficult  to 
distinp:uish  them  litholourieally.     Xear  Trelask  House  there  b  a nmall 
<)ff-siandin«i  patch  of  the  Culm-measures  dipping  E.  10°  X.,  overlrinj? 
tlie  ash-beds  of  1/iwaiiniek :  and  two  other  outliers  occur  on  the 
(>p]M)>ite  side  of  thr  limy  : — the  one  on  the  west  of  Pollinny,  where 
th<"  beds  dip  north-east,  and  rest  on  slates  that  contain  Spinfera  dis- 
Juitrta  and  other  fossils  ;  the  other  to  the  south  of  that  place,  occupy- 
inir  tlie  liiirh  prouiid  on  either  side  of  the  road  to  Larnick,  with  a 
di]>  a  little  to  the  east  of  south. 

Lower  d  )wn  th«?  Inny  these  beds  are  well  exposed  at  Beals  Mill, 
wlun*  tln'v  contain  (ioniatltes,  Orthocenut,  and  plant-remains,  as 
n«)tir»'d  by  l*rol'ess(»r  I*hilli])s;  and  they  include  the  grits  of  Mount 
ric.isant  and  Inny  Toot,  which  are  continued  past  the  Swiss  Cottage 
and  Twowcll  I)t)\vn  towards  Lammerton.  These  beds  dip  southerly, 
but,  as  thev  undulate  on  their  line  of  strike,  thev  deviate  occasionallv 
by  li.")  to  :50  dejrrees  from  due  south.  Thus  at  Trogarvis  the  dip  is 
S.  1«H  K. :  at  the  New  Hridgcover  the  Inny  on  the  Callingrton  Road 
it  is  S.S.W. ;  at  Heals  Mill  it  is  southoriy ;  at  Inny  Foot  S.  10-20^ 
K. ;  while  at  tin*  Swiss  Cottage  it  is  S.  .'55°  W.  This  southerly  dip 
is  continued  across  the  I nny  for  at  least  half  a  mile;  but  south  of 
Tn'^vis,  Norton,  and  Kin^ttm  the  dip  is  reversed,  and  about  Pen- 
I)ill  we  rearh  tin'  sonthem  limits  of  the  Culm-measures,  with  the 
exception  of  an  ontlier  which  caps  the  high  ground  between  Linking- 
honi  and  Sonthhill. 

From  Peiipill  the  Hne  which  limits  the  Culm-measaros  on  the 
south  follows  the  ridge  of  high  ground  by  Venterdon  and  Stoke 
ClimHland  to  Lid  well,  and  thence  nearly  to  Horse  Bridge.  At  the 
crossroad  north  of  Stoke  Climsland  there  are  some  black  slatea  with 
chert  bands,  partly  weathered  white  on  the  surface ;  and  cdmilar  Car- 
bonaceous slates,  partly  blanched  from  exposure,  are  seen  half  a  mile 
to  the  north  of  this  place  on  the  road  to  Beal's  Mill.  These  are  fol- 
lowed by  dark  slates  with  grey  grits  quarried  at  Lower  Down  Houae 
and  Row  Down,  similar  to  those  of  Lawannick  Down  and  Tregria. 
In  descending  the  hill  to  Horse  Bridge  we  pasa  from  these  dark  dktea 
and  grits  with  a  northern  dip  on  to  grey  roofing-slates,  dipping  Appft- 
i-ently  to  the  west.     These  underl}'ing  slates,  with  the  same  westerly 
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dip,  are  also  seen  in  the  river  above  the  bridge,  and  in  a  slate-quarry 
on  the  opposite  side  of  the  river.  But  a  little  further  up  the  stream, 
opposite  a  pla<3e  called  Bridge  Farm  on  the  map,  horizontal  beds  of 
dark-grey  micaceous  sandstones  with  carbonaceous  slates  occur,  oc- 
cupying lower  ground  than  the  roofing-slates  in  the  lane  ascending 
from  the  bridge  to  the  quarry.  These  Carbonaceous  rocks  set  in 
immediately  beyond  the  copper-lode  which  has  thrown  them  down  on 
the  north.  The  grits  contain  plant-remains,  and  resemble  very  closely 
those  exposed  at  Lower  Down  House,  west  of  Beal's  Mill,  and  in  the 
quarry  north-east  of  Nighton.  This  copper-lode  forms  the  southern 
limit  of  the  Culm-measures  all  the  way  to  Hartwell,  beyond  which 
the  line  of  their  outcrop  curves  northward  with  the  high  ground  to 
Chipshop  and  Ottery.  Westward  of  the  latter  place  Carbonaceous 
slate  with  chert  is  seen  in  nearly  horizontal  position,  although  much 
contorted,  while  close  by,  in  the  adjoining  field,  the  grey  roofing- 
slates  of  Mill  Hill  quarry  dip  E.  40°  N.  at  high  angles.  From  the 
northern  side  of  this  quarry  the  Culm-measures  are  continued 
to  JStiles  Wick  and  Downhouse  Farm,  and  thence,  thrown  down 
by  a  fault,  they  cross  the  Tavy  at  the  southernmost  of  the  three 
bridges  at  Tavistock  to  Challicot;  but  they  are  difiicult  to  follow  across 
Whitechurch  Down  from  want  of  exposures  and,  as  wo  approach 
the  moor,  from  the  alteration  in  the  mineral  character  of  the 
rock  produced  by  the  granite*.  The  Culm-measure  slates  with 
their  thin  grits  arc  well  seen  in  the  bed  of  the  river  between  the 
bridges  at  Taristock  when  the  water  is  low ;  and  chert  is  quarried 
near  the  town  and  in  the  vicinity  of  CoUytown,  on  the  road  to  Mer- 
riville  Bridge.  These  rocks  are  exposed  also  in  a  small  section  at  the 
south  end  of  the  railway-station ;  and  the  black  slates  have  been 
cut  into  in  lowering  the  roads  on  the  west  of  the  town.  A  little 
north  of  the  railway-station  thick-bedded  grits  dipping  north-west 
are  faulted  against  a  bed  of  highly  calcareous  volcanic  ash  dipping 
in  the  opposite  direction.  Westward  of  this  is  an  anticlinal  axis  fol- 
lowed by  a  synclinal  trough,  which  runs  in  a  north-easterly  direc- 
tion by  Tavytown,  south  of  which  the  Culm-measures  crop  out  on 
Whitechurch  Down.  The  volcanic  rocks,  as  they  rise  to  the  south 
on  Whitechurch  Down,  consist  chiefly  of  what  appears  to  be  com- 
pact chlorite  with  grains  of  quartz,  and  dip  N.N»W.  at  an  angle 
of  30°.  The  town  of  Tavistock  lies  in  a  synclinal  trough  running 
north-east  and  south-west.  The  rocks  are  much  disturbed  and  con- 
torted, and  there  are  many  small  faults  hi  the  vicinity  of  the  town. 

At  Pentre  Cross,  near  St.  Mullion,  several  miles  to  the  south, 
there  are  two  small  outlying  patches  of  these  Culm-measures  brought 
down  by  an  east  and  west  fault,  with  a  downthrow  on  the  north, 
which  crosses  the  turnpike  road  a  little  south  of  the  turn-off  to 
Callington.  There  is  no  mistaking  the  character  of  these  rocks, 
which  consist  of  black  carbonaceous  slate  with  chert,  and  massive 

*   It  may  be  powible  that  some  of  the  altered  rocks  which  skirt  the  fpnnite 
and  form  the  high  sround  south  of  Stamford  Spinejr,  and  east  of  Walkmgfaam 
and  MeaTj,  may  belong  to  the  Culm-measnrps,  tiaTing  escaped  removal  l^  de- 
nudation. 
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greenish  sandstones  with  plant-remnins.  On  the  Bouth  side  of  the 
fault  are  the  grey  and  purplisli  argillaceous  slates  of  the  older  series 
dipping  to  the  south-west  at  a  high  angle,  while  tlie  grits  op^xwed  to 
them  on  the  other  side  of  the  fault  undulate  off  to  the  north  ;  but  as 
a  whole  the  position  of  these  Culm -measures  is  not  veiy  inueh  out  of 
the  horizontal,  while  the  underljing  rockfrare  highly  inelined.  Tliis 
is  the  most  southern  spot  at  which  the  Carhonaceons  roeks  have  been 
observed,  and  it  shows  conclusively  that  they  once  stivtched  consi- 
denihly  further  to  the  south,  prior  to  their  removal  by  denudation. 

it  has  been  necessary  to  be  thus  minute  in  describing  the  southern 
limit  of  the  Culm-measures,  iii  order  that  the  relation  l)etween  them 
and  the  und<Mlying  series  might  he  clearly  brought  to  ^'iew  ;  and  if 
we  tr.iee  the  line  on  the  map  (PI.  XVI.)  it  will  be  sec-n  that  although 
there  is  a]>parent  conf(>rmability  in  some  places,  yet,  when  l<x)ked  at  as 
a  whole,  it  is  obvious  that  the  upper  group  is  not  always  resting  on 
b(!ds  ol'  the  same  age.  From  this  it  would  a])pear  that  the  forces 
which  n»sult('d  in  bringing  up  the  granite  of  l)artmor»r  and  the 
Camel  ford  Hills,  and  which  have  thrown  the  beds  into  their  present 
posit  ion,  having  been  ])osterior  in  age  to  the  Culm-measures,  have 
actiMl  equally  on  bdth  formations,  and,  in  producing  the  major  and 
more  nuniit'est  foldings  and  contortions,  have  somewhat  modified  and 
obscured  tlu.'  u  noon  form  ability  which  originaUy  existed  between 
them.  Following  the  lower  beds  as  they  trend  up  from  the  north 
of  llingston  Down  by  Stoke  Climsl and  to  the  north-westward,  the 
overlying  series  (•ro])s  out,  and  the  lower  rocks  then  occupy  the  whole 
of  the  country  between  the  granite  and  the  Culm-measures  of 
Lan«\ist  Down,  and  show  a  clear  suce(»ssion  from  below  upwards. 
Hence  the  Carbonaceous  rocks  of  ^'igliton  and  Trevage  cannot  be 
resting  on  beds  of  th<»  same  age  as  do  those  of  Laneast  l)«>wn,  unless 
all  the  evidences  of  superposition  are  to  be  disreganled.  liefore 
jjroceecling  to  the  consideration  of  these  lower  rocks,  however,  it  will 
be  well  to  notice  briefly  the  n'lations  between  themselves  of  thn.so 
rocks  which  make  up  that  portitm  of  the  Culm -men  8Ur»s  included 
between  the  line  of  outcrop  indicated  above  on  the  south.  Dartmoor 
on  the  east,  and  the  range  of  limestones  which  extend  from  Truscott 
near  Lannct?ston,  past  Lifton,  I^w  Trenchard,  and  IWdestow,  to- 
wards Oakhampton,  (m  the  north. 

Fully  to  imderstand  the  structure  of  this  triangular  area  it  is 
necessary  to  hear  in  mind  that  all  the  igneous  rocks  contained  in  it 
are  of  the  character  of  volcanic  a.sh  and  lavas,  and  were  contempo- 
raneous with  the  rocks  among  which  they  arc  included.  There  arc 
compact  and  crj'stalline  rocks  among  them,  it  is  tnie :  but  they-  are 
associated  in  such  a  manner  with  other  rocks  of  similar  composition, 
that  have  a  vescicular  or  schistose  structure,  as  to  leave  no  room  for 
doubt  u])on  this  head ;  and  not  a  .single  instance  was  noticed  of  a 
trap-rock  of  undoubtedly  subsequent  age*.     In  attempting  to  un- 

*  Tt  would  bo  premature  to  attempt  to  define  thp  mineral  rharacter  of  these 
rnckit  until  tliey  havo  been  analyzed.  They  nppenr.  however,  to  coiudttof  a 
felspar  wliirli  is  usually  green,  lew  commonly  wliite,  and  of  a  dark-grc«n 
foliiitod  mim^ml  wlnr-h.  as  obwired  by  Boaw*.  is  snmHhine  between  chlorite 
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ravel  the  structure  of  this  intricate  country  this  distinction  becomes 
of  importance,  as  these  interbedded  volcanic  rocks  afford  great  assist- 
ance, inasmuch  as  they  serve  to  separate  the  slates  and  grits  into 
horizons,  and  otherwise  act  as  landmarks  to  the  geologist. 

If,  now,  wo  endeavour  to  picture  to  ourselves  a  broad  sheet  of 
lava,  ash,  and  cinders  spread  out  horizontally  round  about  Brent  Tor, 
reaching  from  what  is  now  the  Tamer  to  the  Tavy,  and  southward 
to  the  parallel  of  Tavistock,  and  then  imagine  this  sheet  of  volcanic 
rocks,  together  with  those  that  underlie  it,  thrown  into  a  narrow 
anticlinal  fold  along  a  line  extending  from  Kamsdown  past  Dunterton 
to  the  Tamer — and  a  second  such  narrow  line  of  elevation  passing 
through  Upperton  towards  Bowdon  Down — and  a  third  similar,  but 
longer  and  yet  narrower  axis  extending  from  the  south  of  Milton 
Abbots  and  north  of  Lamorton  towards  Petertavy,  at  the  same  time 
depressing  the  area  about  Heathfield  Down  so  as  to  trough  higher 
beds,  and  raising  that  of  Black  Down  on  the  east,  we  have  a  rough 
idea  of  the  arrangement  of  the  beds  before  us.  Thus  the  volcanic 
rocks  of  Lamerton  are  a  more  southern  portion  of  those  of  Milton 
Abbots  and  Charlhanger,  thrown  over  a  long  sharp  anticlinal  axis, — 
narrow  on  the  west,  where  they  dip  under  the  slates  and  grits  of 
Two  well  Down,  and  broader  on  the  east  of  Lamerton,  especially  in  the 
vicinity  of  Kilworthy  and  Wilminston,  where  they  lie  more  horizon- 
tally. So  with  the  volcanic  beds  of  Upperton  and  Wick,  which  are  a 
part  of  the  same  as  the  Milton  Abbots  beds  rising  up  again  from  be- 
neath the  slate,  chert,  and  grit  of  Heathfield  Down,  to  be  thrown 
over  to  the  north  at  Quether.  Tbe  ash  extending  from  South 
Brent  Tor  to  Bum,  parallel  to  the  railway,  remarkable  for  its  highly 
vesicular  structure,  appears  to  be  the  continuation  of  the  Milton 
Abbots  ash -bed  faulted  off  at  Burnford  Farm,  and  thrown  over  to 
the  westward  of  the  anticlinal  axis  of  Black  Do\ni ;  and  the  ash-bed 
of  Rowdon  belongs  to  the  same  geological  horizon.  The  section 
(iig.  1,  p.  409),  across  Heathfield  Down,  from  the  Mill  HUl  Slate- 
quarrj%  near  Tavistock,  to  the  Thistle  Brook  at  Stowford,  will  show 
the  general  relations  of  thOvSe  rocks. 

Several  faults  appear  to  traverse  the  country  in  the  vicinity  of  Brent 
Tor.  One  of  these  crosses  the  Lyd  river  south-west  of  Coiyton,  and 
ranges  by  Monkstone  to  the  west  of  the  Tor.  Another  skirts  the  north- 
east side  of  the  volcanic  rocks  of  the  Tor,  extending  from  near  Monk- 
stone  to  South  Brent  Tor.  These  faults  carry  the  country  on  the  ease 
further  to  the  south,  or  rather  south-east,  and  reverse  the  dips  along 
the  valley  of  the  Tavy,  where  the  beds  rise  to  an  anticlinal  axis, 
which  crosses  the  railway  in  a  N.N.E.  and  S.S.W.  direction,  midway 
between  Ford  Gate  and  the  Marytavy  Railway  Station. 

snd  hornblende.  Augite  and  hornblende  are  of  less  frequent  occurrence,  and 
then  only  in  the  more  compact  varieticfl.  Many  of  these  rocks  are  highly 
calcareous,  the  hme  being  sometimes  diffused  among  the  volcanic  materials  as  a 
constituent  of  the  rock  ;  in  other  cases  it  has  been  merely  infiltrated  into  the 
cavities  of  vesicles  at  a  siibt^uent  period.  Near  the  granite  these  rocks  have 
been  altered  both  in  their  crystalline  condition  and  in  the  arrangement  of  their 
elements  ;  and  of  the  resultant  minerals  hyi>er8thene  appears  to  be  one.  See 
further  De  la  Beclie,  Rep.  p.  1 10  et  srq. 
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The  volcanic  rocks  on  the  north  of  Dunterton  and  Quether  pass 
under  a  belt  of  dark  slates  and  chert,  which  ranges  up  from  Lui- 
due,  south  of  Launceston,  by  Greston  Bridge  to  Btaddon,  and  thenee 
to  Littonary  Down,  where,  thrown  to  the  south-eastward  by  the 
fault  already  mentioned,  it  is  continued  by  Bowdon  Down  to  East 
Longstono  ;  and  this  in  turn  passes  under  the  higher  band  of  Tolcanic 
rocks  of  Bradstone,  Chillaton,  and  West  Longstone.  It  is  this  chert 
and  its  associated  grit  and  slate  which  constitute  the  higher  beds 
of  Heathfield  Down,  on  the  west  of  the  Brent  Tor  faults. 

Still  higher  beds,  consisting  of  dark-blue  and  greenish-grey  slates, 
with  seams  of  grit  and  nodules  of  ironstone,  range  up  from  the 
Tamer  north  of  Bradstone,  by  Kelly  and  Marystow,  and  along 
the  valley  of  the  Lyd  river  to  the  Lydford  railway-station,  and 
thence  pursue  a  north-easterly  direction  by  Lydford  and  Down- 
town to  the  granite.  These  slates  are  finely  exposed  in  the  railway- 
sections  between  the  lidford  and  the  Coryton  stations.  They  are 
evenly  laminated,  dip  northerly,  and  rest  upon  the  volcanic  rocks 
of  Chillaton  and  West  Longstone.  The  volcanic  rock  of  Medwdl 
appears  to  be  the  same  as  those  of  Bradstone  and  Chillaton,  cropping 
out  on  the  north  side  of  a  narrow  synclinal  fold  which  extends  firom 
Kelly  to  Green  Cross,  while  the  chert  of  Lawhitton,  Hardow  Down, 
and  KcUand  is  the  underlying  rock  of  Staddon  and  Littonary  Down 
again  brought  up  to  the  surface,  separated  from  the  chert  of  Gk)rdon 
Hill  by  the  northern  continuation  of  the  Lyd-river  slates,  which 
range  by  Trenefell  to  the  north  of  Tremale,  where  they  are  worked 
for  roofing-purposes. 

On  the  north  of  this  belt  of  slaty  rocks  are  the  small  lenticular 
deposits  of  dark-blue  or  black  limestone  of  Cury  Park,  Poleat  Comer, 
and  Coryton  Eailway-station ;  and  beyond  these  there  is  a  range  of 
chert-beds,  which  constitutes  an  important  feature  in  the  country, 
and  forms  a  ridge  of  barren  land  which  is  easily  followed.  This 
chert  forms  the  high  ground  of  Gk>rdon  HiU,  east  of  Launceston, 
where  it  is  underlain  on  the  north  by  black  slate  and  the  lime- 
stone south  of  Timber  Bridge,  and  is  continued  east  of  the  Tamer, 
by  Sydenham  and  Leigh  Down,  to  the  Lew  Water.  It  includes  the 
volcanic  ash-beds  of  Whitley  and  Leigh  Down,  and  is  exposed  in 
quarries  by  the  side  of  the  railway  west  of  Sydenham.  A  second 
patch  of  chert,  which,  although  on  nearly  the  same  line  of  strike, 
appears  to  be  disconnected  from  the  last,  is  seen  immediately  to 
the  north  of  the  limestones  of  Poleat  and  Cury  (some  slates^  how- 
ever, intervening),  and  is  continued  on  the  north  side  of  the  road 
to  Watergate,  through  Burley  Down,  to  a  farm  marked  Buddie 
Brook  on  the  Ordnance  Map.  This  chert  occurs  for  the  most  part 
in  rather  thin  beds ;  but  they  are  contorted  and  crumpled  to  such  an 
extent  that  the  beds  are  often  folded  completely  back  upon  them- 
selves, and  in  looking  at  them  it  is  impossible  to  avoid  the  conclu- 
sion that  the  more  aigillaceous  slaty  rocks  cannot  have  escaped  the 
influence  of  the  forces  which  have  contorted  these  harder  rocks  in  so 
remarkable  a  manner,  although  it  is  not  equally  apparent  in  them. 
Slaty  rocks  lie  to  the  north  of  the  chert-beds  similar  to  those  on 
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the  south,  beyond  which  are  the  southernmost  limestones  of  Tim- 
ber Bridge,  near  Lifton,  and  of  Tinhay,  and  tho.sc  of  Lew  Trenchard, 
Point  Bridge,  andBridestow,  which  return  by  Thrastleton,  Stowford, 
Thistle  Brook,  and  the  smaller  patches  north  of  Tinhay  and  Timber 
Bridge,  the  included  area  being  oc<?upied  by  the  lower  rocks  of  the 
Lyd  river  brought  up  to  the  surface  by  the  anticlinal  axis  of  Old 
Street  Down. 

The  chert  of  Gordon  Hill  is  not  continued  to  the  west  on  the 
same  parallel ;  but  on  St.  Stephen's  Down,  on  the  road  from  Laun- 
ceston  to  Yeolm  Bridge,  similar  chert  occurs,  and  ranges  westward 
towards  Egloskerry.  This  chert  occupies  the  centre  of  a  synclinal 
trough,  the  underlying  Devonian  rocks  being  brought  up  to  the  sur- 
face along  a  narrow  axis  on  the  north,  which  extends  from  Under- 
wood Farm  to  Yeolm  Bridge,  while  a  lower  axis  on  the  south  ranges 
east  and  west  through  the  town  of  Launceston.  A  bed  of  limestone, 
together  with  some  volcanic  ash,  underlies  this  chert  at  Calvanna 
Park,  near  Lower  Truscott,  which  bears  the  same  relation  to  the 
siliceous  rock  above  as  the  limestones  of  Coryton  and  Timber  Bridge 
do  to  the  chert  of  Gordon  Hill  and  Sydenham.  Between  the  anti- 
clinal axis  of  Yeolm  Bridge  and  the  lower  rocks  of  South  Petherwin 
we  appear  to  have,  therefore,  the  whole  of  the  Culm-measure  series 
from  the  limestones  downwards  ;  but  we  miss  from  the  rocks  south 
of  Launceston  much  of  the  volcanic  ash,  aud  most  of  the  grit  and 
chert  which  characterize  the  Carbonaceous  system  along  the  banks 
of  the  Tamer.  Brent  Tor,  or  its  \'icinity,  as  already  suggested  by 
Sir  Henry  De  la  Bcche*,  was  probably  the  centre  of  volcanic  action, 
and  this  may  sufficiently  explain  the  somewhat  local  distribution  of 
the  igneous  products.  The  rocks  forming  the  Tor  are  composed 
in  great  part  of  cinders,  some  of  large  size,  mingled  with  ash, 
cemented  into  a  kind  of  conglomerate,  the  vesicles  being  fQled  some- 
times with  carbonate  of  lime,  at  others  with  chalcedony.  Neither 
in  their  mineral  nor  in  their  physical  character  do  these  volcanic  rocks 
differ  more  than  those  of  modem  eruptions ;  the  lavas  are  some- 
times vesicular,  at  others  crystalline  and  compact,  the  ashes  more 
or  loss  schistose  and  mixed  with  cinders,  and  the  whole  commingled 
in  a  manner  that  shows  their  common  origint. 

It  is  difficult,  therefore,  where  igneous  and  arenaceous  rocks  are 
intercalated  so  irregularly  among  the  slates,  to  form  even  an  approxi- 
mate estimate  of  their  thickness.  If  we  take  the  distance  from  the 
lower  rocks  brought  up  by  the  anticlinal  axis  at  Underwood  Farm  to 
the  middle  of  the  chert  troughed  in  the  synclinal  fold  on  the  south,  at 
Upper  Truscott,  the  distance  Jis  barely  three-fourths  of  a  mile,  which, 
at  a  maximum  average  dip  of  35°,  would  give  little  more  than  2000 
feet ;  and  if  to  this  we  add  half  as  much  again  for  the  increase  of 
arenaceous  materials  and  intercalated  volcanic  rocks  on  the  banks 
of  the  Tamer,  we  shall  probably  arrive  at  as  near  an  approximation 
as  we  can  make. 

*  Rep.  p.  122. 

t  The  Tesieular  structure  of  some  of  these  rocks  would  load  us   to  infer 
that  they  were  aocuniulnted,  in  part  at  anv  rate,  on  dry  land. 
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The  relations  between  the  Culm-measures  and  the  lower  rocks 
north  of  South  Petherwin  are  not  altogether  so  clear  as  could  be 
wished.  The  Carbonaceous  rocks  dip  to  the  north  ;  but  the  imder- 
lying  slates  are  a  good  deal  rolled,  and  their  dip  is  not  easily  made 
out.  Following,  however,  the  line  of  outcrop  from  the  Landlake 
(juarry  by  St.  Lavers  to  the  south,  the  Culm-measures  may  be  said 
to  arch  over  the  older  rocks  brought  up  between  South  Petherwin 
and  Trekcnna  (see  section  fig.  3,  p.  41 7),  with  minor  east  and  west 
undulations  ;  and  in  the  deep  synclinal  trough  of  the  Inny  there  are 
some  of  the  higher  beds  (the  slater  south  of  Beal's  Mill),  which 
occupy  the  axis  of  the  trough,  corresponding  probably  in  age  with 
those  of  the  Lyd  river.  The  volcanic  rocks,  however,  are  absent, 
and  the  chert  is  for  the  most  part  replaced  by  grits. 

Near  Bridastow,  the  chert-beds  of  Watergate  thin  out,  and  the 
dark  slates  to  the  north  and  south  of  them  are  brought  together, 
and  are  continued  by  Sourton  and  Oakhampton  Park  roimd  the 
north  side  of  the  Dartmoor  granite,  which  has  pushed  the  Culm- 
measure  beds  to  the  northward,  and  brought  them  into  vertical  or 
highly  inclined  positions.  It  is  not  necessary,  however,  for  the 
objects  of  this  communication,  to  follow  these  beds  further  in  this 
direction.  I  proceed,  therefore,  to  notice  briefly  the  relations  existing 
between  the  lower  Culm-measures  and  the  underlying  rocks  as  they 
occur  on  the  east  of  Dartmoor. 

Along  the  margin  of  the  granite  from  East  Down,  near  Lustleigh, 
to  Skeriton,  south  of  Holne,  the  Culm-measures  consist  of  slates 
and  grits  with  chert-beds  very  similar  to  those  which  occur  north  of 
Tavistock.  The  chert  is  perhaps  not  so  abundant ;  but  a  siliceous 
rock,  somewhat  less  flinty,  is  plentiful  between  Bickington  and  East 
Down ;  and  volcanic  admixtures  occur  near  Ilsington,  and  become 
frequent  further  north  between  Chudleigh  and  Dunsford.  Near  the 
granite  the  rocks  have  become  altered  by  it ;  and  the  resulting  meta- 
inorphic  rocks  resemble  those  on  the  west  and  north-west  of  Dart- 
moor, showing  their  close  similarity  in  mineral  character.  Near 
Ilsington  they  contain  plant-remains,  and  Goniatites  have  likewise 
been  found  in  them. 

We  may  safely  assume,  I  think,  these  rocks  to  be  the  equivalents 
in  part  of  that  portion  of  the  Culm-measures  which  occurs  south  of 
the  Lyd  river,  and  to  occupy  a  position  at  or  near  the  base  of  the 
series.  They  dip,  as  a  whole,  away  from  the  granite,  to  the  east  and 
south-east,  but  are  much  undulated  and  contorted,  and  hence  coun- 
ter dips  are  frequent.  The  line  between  the  Carbonaceous  rocks 
and  the  Devonian  slates  and  limestones  emerges  from  beneath  the 
Bovey  beds  at  Black  Pool,  and  extends  by  the  New  Inn  southward 
to  Bickington.  So  far  the  line  appears  to  be  a  line  of  fault,  Culm- 
measure  grits  and  slate  very  highly  inclined  to  the  eastward  being 
brought  against  the  Bickington  limestone,  dipping  south-east  at  an 
angle  of  about  25°.  This  fault  appears  to  run  into  another  short  fault, 
which  extends  north-west  and  south-east,  and  cuts  oiF  the  Bickington 
limestone  from  its  continuation  with  the  Ashburton  mass  atLemonford. 
From  the  factory  north  of  Lemonford  the  line,  as  laid  down  on  the 
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Gedogical  ikmrey-map,  then  paBses  bj  Higher  Way  to  the  Druid's 
fiiult.     The  want  of  expoenres,  howerer,  makes  it  very  difflenlt  to 
determine  whether  or  not  the  slates  at  Alston  and  Waj,  which  di^ 
towards    the   A^borton  limestone,   may   not  be   Culm-meaanrei 
brought  against  it  by  a  fault  parallel  with  the  turnpike  road.    The 
nearly  east  and  west  fsnlt  whieh  passes  £ew  MiU,  and  which  is  in 
part  metalliferous,  being  now  worked  for  copper  at  the  Dmids^  nunc, 
throws  up  the  underlying  Deronian  rocks  included  between  it  and 
a  nearly  parallel  fiiult  which  ranges  from  about  a  quarter  of  a 
niilo  8outh  of  Holne  Bridge,  past  ChnstopherB  and  Pridhamsldig^  to 
the  bouth  of  bulland.     These  lower  rocks  thus  faulted  up  dip  under 
the  volcanic  rocks  and  limestone  of  Ashburton ;  but  about  three- 
c}uartcjr8  of  a  mile  from  the  town,  on  the  road  to  Buckland-in-tfae- 
Moor,  they  appear  to  make  a  turn  over,  and  become,  first  vertical 
and  then  reversed,  at  an  angle  of  65°  to  the  south-east ;  and  at  the 
Druids'  Farm  they  contain  Spirifera  disjuneta,  Chonetet  sordidafPetraia 
bitMf  and  Cyaihocrinus  pinnatus  ?     Following  those    fossOiferoua 
beds  along  their  line  of  strike  to  the  south -west,  we  find  them 
again  in  the  descent  to  Heine  Bridge,  with  abundance  of  Spirifera 
dutfnneta.    It  would  appear,  therefore,  that  these  beds  are  wdl  in 
the  Devonian  rocks,  and  probably  not  very  much  below  the  base  of 
the  Ashburton  limestone.     If  we  follow  them  across  the  Dart, 
however,  we  find,  just  before  entering  Hembury  Wood,  that  they 
abut  against  a  mass  of  thick-bedded  grits,  with  black  slates  which 
clearly  belong  to  the  Culm-measures.    These  rocks  are  highly  flexed, 
and  are  confined  to  the  east  side  of  the  river,  where  they  form  t 
steep  ascent  of  some  elevation.     On  the  opposite  side  of  the  river 
the  ground  is  low  and  consists  of  slate.     Although  the  two  series  are 
not  seen  in  actual  contact,  it  is  yet  clear  that  they  dip  in  opposite 
directions,  and  that  they  are  brought  into  apposition  by  a  fault.     In 
all  probability  this  fault  runs  into  the  Brook  Mill  lode  south  of  Hem- 
bury  Castle ;  and,  in  fact,  it  would  appear  that  the  north  and  south 
fault  we  are  alluding  to  is   itself  metalliferous,  as  there  are  the 
remains  of  an  old  copper-mine  on  the  banks  of  the  river.     South- 
ward of  the  Brook  Mill  lode,  it  is  impossible  to  draw  the  line 
with  any  approximation  to  accuracy,   not  simply  frxmi  the  want 
of  exposures,  but  also  from  the  country  being  covered  with  fig- 
ments brought  down  from  the  higher  ground  on  the  west ;  but  to 
the  eastward  of  a  line  thence  by  8keriton  we  are  clearly  on  the  De- 
vonian rocks*. 

South  of  Newton  Bnshell  there  is  a  small  outlying  patch  of  theie 
Culm-measure  grits  and  slates,  which  occupies  a  depression  in  the 
Devonian  rocks  immediately  to  the  east  of  the  limestone  of  Og- 

*  The  grits  weiit  of  Biokington  are  iuooeeded  by  argillaceoua  slates,  whkh 
undulate  as  far  as  Bamshom  Down,  where  they  pass  under  the  chert-bedt  of 
Combe.  Now,  in  some  of  these  beds,  Prof.  Phillips  mentions  the  oeeurwass 
of  fossils  (Pal.  Fos.  p.  203) ;  but  I  was  not  aware  of  this  oiroomstaace  until  too 
late,  and  therefore  did  not  specially  examine  the  locality  with  a  view  of  aoosr- 
taininff  the  position  of  these  fossiliferous  beds ;  if,  however,  thev  belong  to  the 
underling  De?onian  series,  thej  must  be  brou^t  up  to  the  surnioe  either  hj  i 
sharp  anticlinal  axii*.  or  hj  a  fault  parallel  to  that  of  Bickington. 
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well.  These  beds  rest  unconformably  on  the  older  rocks,  as  noticed 
by  Mr.  Godwin- Austen*,  who  found  at  their  base  a  conglomerate  of 
rounded  pebbles  of  quartz  with  ang:ular  fragments  of  the  subjacent 
limestones  f.  Through  these  Carbonaceous  slates  and  grits  the 
limestone  of  Connator  forms  a  protrusion,  and  on  the  east  they 
are  brought  against  the  argillaceous  slates  of  the  Totnes  turnpike- 
road  (which  underlie  the  limestones)  by  a  north  and  south  fault, 
with  downthrow  on  the  side  towards  Ogwell  J. 

Crossing  over  to  the  other  side  of  the  Bovey  deposits,  we  find 
precisely  similar  Carbonaceous  slates  and  grits,  occupying  the  country 
north  of  the  Kingsteignton  limestone,  overlain  by  Triassic  conglo- 
merate on  the  east,  and  by  the  Greensand  and  Bovey  deposits  on 
the  west.  Through .  these  slates  and  grits,  the  limestone  of  King- 
steignton, Orchard  WeD,  Ugbrook  Park,  <kc.  forms  protrusions,  the 
Carbonaceous  rocks  occupying  the  hollows  between  them.  The 
slates  south  of  the  Kingsteignton  limestone,  much  of  which  is  purple 
or  claret-coloured,  belong  to  the  Devonian  system.  They  appear  to 
rise  from  under  the  limestone  and  associated  igneous  rocks,  which 
latter  have  altered  them  at  the  line  of  contact ;  and  they  occupy  both 
shores  of  the  estuary  between  Bishopsteignton  and  the  Bovey  beds 
of  Newton. 

North  of  Ugbrook  Park  there  is  a  long  curved  strip  of  the  older 
limestone,  containing  Devonian  fossils,  which  appears  to  be  faulted 
up,  as  the  strike  of  this  limestone  is  oblique  to  that  of  the  Culm- 
measures,  which  occupy  lower  ground.  At  Waddon  Barton  this 
limestone  is  overlain  by  hard  slates  full  of  Ooniatiies  and  Posidono- 
myoi,  above  which  are  the  typical  Carbonaceous  sandstones  quarried 
at  Ugbrook  Park.  Purplish  and  grey  slates,  with  calcareous  concre- 
tions, underlie  this  limestone,  and  are  exposed  in  the  hamlet  of 
Waddon,  where  they  are  clearly  seen  to  dip  under  the  limestone. 
Beyond  these,  nearly  midway  between  the  cottages  and  the  Chud 
Brook,  there  is  an  off-standing  knoll  of  shattered  limestone,  which 
appears  to  be  on  a  line  of  fault.  The  low  ground  through  which  the 
Chud  Brook  flows  is  partly  occupied  by  alluvium  ;  but  we  learn  from 
Mr.  Godwin-Austen  that  a  well-sinking,  which  was  formerly  made 
here,  passed  through  15  feet  of  perfectly  horizontal  carbonaceous  slate 
and  sandstone  resting  on  highly  inclined  slates,  similar  to  those  seen 
beneath  the  limestone  at  Waddon,  and  dipping  in  the  same  direc- 
tion§.  The  section  (fig.  2,  p.  409)  taken  across  the  beds  at  Waddon 
Barton  in  a  south-easterly  direction,  will  serve  to  show  the  general 
structure  of  the  country. 

Northward  of  Chudleigh  the  Culm-measures  undulate  towards 

*  Geology  of  the  S.E.  of  DevonBhire,  Trans.  G^l.  Soo.  vol.  vi.  2nd  ser.  p.  457. 

t  L,  0.  suprhf  p.  458. 

\  Sir  Henry  De  U  Beche  appears  to  bare  considered  this  fault  an  upcast  on 
the  east  (vide  Bep.  p.  111).  On  the  contrary,  it  appeared  to  me  that  this  small 
patch  of  Carbonaceous  rocks  has  been  preserved  where  it  is  by  ha?inff  been 
Droofht  down  below  the  general  level  of  the  country,  and  so  escaped  denudatioii. 
The  bedding  of  the  Connator  limestone  appears  to  be  vertioal ;  out  it  may  hsre 
been  brought  into  that  position  before  the  Culm-measures  were  deposited. 

$  L.  e.  p.  4«0. 
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Ashtoii  and  Dunsford,  the  direction  of  the  bedding  being  south-west 
and  north -oast.  The  beds  are  broken  through  on  the  west  by  the 
granite  of  Dartmoor,  and  on  the  east  by  the  limestone  of  Whiteway 
and  Uppercot.  Grits  and  volcanic  rocks  are  abundant,  the  latter 
c()rre8])oii(liiig  in  general  position  to  the  similar  rocks  in  the  vicinity 
of  lirent  Tor ;  and  near  the  granite  they  become  crystalline  and 
more  or  less  altered,  and  lose  all  trace  of  their  mixed  igneous  and 
mechanical  origin. 

It  is  not  the  intention  in  this  communication  to  enter  into  a  de- 
t*iiU'd  account  of  the  Carbonaceous  rocks  generally.  For  a  farther 
description  of  them,  reference  must  be  made  to  tlie  original  memoir 
by  Sir  Roderick  Murchison  and  Professor  Sedgwick,  in  the  5th  voL 
of  the  Traasactions  of  this  Society  {2nd  ser.  Part  3,  pp.  669  et  w^.). 
It  is  to  these  authors  that  we  are  indebted  for  having  first  pointed 
out  the  true  iK)sition  of  these  rocks  in  the  geological  scale,  when,  hj 
menus  of  the  included  plant-  and  other  fossil  remains,  they  idcnti- 
lied  them  with  the  Coal-measures  of  South  Wales. 

III.  Devonian  Rocks. 

1.  Beds  below  the  Ply  mouth  and  Torhay  Limestones. — ^The  lowest 
rocks  in  the  district  to  which  this  commimication  more  parti- 
cularly refers  have  been  upraised  around  Hingston  Dowtq,  and, 
between  the  granite  of  Dartmoor  and  the  Tamer,  in  the  vicinity  of 
Buckland  Monuchorum,  Beer  Alston,  and  Roborough  Down,  near 
Bickleigh.  On  the  confines  of  the  moor,  around  Harrowbridge, 
Walkiiigham,  and  Meavj',  the  beds  dip  away  from  the  granite  at 
low  angles ;  but  to  the  south  of  Bickleigh  Railway-tunnel,  the  gra- 
nite has  broken  through  the  bedding,  which  ranges  up  to  it,  at 
right  angles  to  its  margin,  with  a  southerly  dip.  These  beds  con- 
sist chiefly  of  pide  greenish  and  grey  argillaceous  slates,  sometimes 
soft  and  silvery,  and  often  veined  with  quartz ;  but  grit  seams  are  not 
common.  Xorth  of  Harrowbridge  and  Buckland-Monachorum  the 
prevailing  dip  is  to  the  south-west ;  but  the  country  is  much  disturbed 
by  faults  and  metalliferous  lodes,  and  southerly  and  westerly  dips 
are  not  wanting. 

At  Morwellham  Quay,  on  the  Tamer,  the  beds  are  greatly  contorted: 
and  contortion  is  also  seen  in  the  valley  of  the  Tavy,  near  Bomans 
Lee,  and  on  the  east  of  Lumber  Bridge ;  but  easterly  dips  occur  ou 
MorwcU  Diiwn  and  about  Giilworthy,  and  north-easterly  dips  at  Mill 
Hill  (piarry,  tlirown  off  from  the  granite  of  Hingston  Down.  From 
these  twin  grj^nitic  protrusions  the  beds  dip  away  in  all  directions; 
those  on  the  north,  however,  become  horizontal  at  Latchley  Ford, 
and  then  rise  gently  to  the  north,  but  are  disturbed  at  Horse  Bridge 
and  Hartwell  by  a  fault  which  has  brought  them  against  the  Culm- 
measures.  On  the  south  of  the  down  the  beds  range  froxxi  the  Tamer 
by  Tiddeford  to  the  north  of  Callington,  with  a  southerly  dip  at  an 
angle  of  from  25°  to  30°,  and  pass  under  higher  beds  south  of  the  town. 
On  the  south  of  Beer  Ferrers  and  Bickleigh  these  green  and  grey 
slates  pass  under  higher  beds,  which  between  Tamerton  Foliot  and 
St.  Budeaux  arc  jmrtly  blue  and  purple. 
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The  country  to  the  west  of  the  Tamer  is  thrown  down  hy  the  par- 
tially metalliferous  faults  of  Calstock  and  Colete.  A  fault  which 
ranges  east  and  west  hy  New  Bridge,  on  the  Notter,  with  upcast  on 
the  south,  repeats  some  of  the  rocks  hetween  it  and  Callington ;  hut 
the  dip  is  to  the  south,  and  higher  heds  come  in  ahout  PiUaton 
Down  and  St.  Mellion,  south  of  which  a  second  nearly  east  and  west 
fault  throws  down  the  country,  and  with  it  a  patch  of  Culm-mea* 
sures,  at  Pentre  Cross.  In  a  similar  manner  faults  have  hrought 
down  the  area  around  Linkinghom  and  South  Hill ;  but  lower  beds 
occur  on  the  west  of  the  Notter,  between  it  and  the  granite  at  Ca- 
radon. 

The  elvans,  which  are  associated  with  these  lower  slates  as  we  ap- 
proach either  of  the  great  granitic  masses  of  Dartmoor  or  the  Camel- 
ford  HiUs,  although  sometimes  parallel  to  the  strike,  have  no  relation 
to  the  plane  of  the  bedding.  Some  of  them  may  have  been  contempo- 
raneous with  the  outburst  of  the  granite,  filling  in  fissures  made 
by  the  same  disturbing  cause,  as  in  the  vicinity  of  St.  Neot's  and 
Blisland ;  but  others,  as  near  Eedruth  and  Penryn,  are  seen  to  tra- 
verse the  granite  as  well  as  the  adjacent  rocks,  and  must  therefore 
be  somewhat  more  recent.  It  is  otherwise,  however,  with  the  volcanic 
rocks  which  are  associated  with  the  slates,  and  which  occur  more 
or  less  abundantly  on  certain  horizons.  They  lie  in  the  plane  of 
the  bedding,  and  were  contemporaneous  with  the  rocks  among  which 
they  occur.  Their  structure  is  often  schistose  or  vesicular ;  and 
many  of  them  are  rich  in  lime,  which  in  the  vesicular  varieties 
has  been  infiltrated  into  the  cavities.  With  this  ash,  whether  schis- 
tose or  vesicular,  there  is  often  intermingled  more  or  less  fuse4 
rock,  in  such  a  manner  that  it  is  very  difficult,  as  observed  by  Sir 
Henry  De  la  Beche,  "  to  see  where  the  one  variety  of  igneous  pro- 
duct ends,  and  the  other  conmiences "  *,  It  is  seldom  that  even 
the  compact  portions  have  produced  any  very  obvious  effects  upon 
the  subjacent  slates. 

As  the  rocks  between  Hingstown  Down  and  the  southern  edge 
of  the  Culm-measures  range  by  North  Hill  towards  Alteman,  they 
dip  away  from  the  granite  at  angles  which  do  not  appear  to  ex- 
ceed 1(P,  and  are  often  less ;  and  in  doing  so  they  pass  under  the 
Culm-measures  which  extend  by  Coades  Green  to  within  a  mile 
of  the  Penpont  Waters,  capping  the  higher  grounds  as  they  rise 
to  the  north-west.  These  lower  rocks  form  a  bdt  of  country  consist- 
ing of  slates  and  ash-beds,  which  strike  north-west  and  south-east, 
the  angle  of  dip  varying  from  5°  to  10°  or  16°.  At  HoUoway  Cross 
and  Trewen,  westward  of  the  line  of  fault,  near  Kneller's  House, 
these  ash-beds  pass  under  overlying  slates,  which  dip  to  the  north- 
east with  the  same  low  undulating  dip  (under  15°),  and  include  the 
limestone  and  fossiliferous  slates  of  Trenalt  and  Tall  Petherwin ; 
and  as  th&  ground  rises  some  300  feet  or  so,  we  c^me  rapidly  upon 
higher  beds,  which  are  finally  overlain  by  the  Culm-measures. 
At  Treguddick  Mill  some  of  the  slates  which  underlie  the  ash  are 
brought  up  by  a  short,  sharp  anticlinal  axis,  which  throws  the  volca- 

*  Mem.  Geol.  Surrey,  vol.  i.  p.  83. 

VOL.  XXIV. — PART  1.  2  Q 


41«;  PR0CEEDIXG8  OF  THE  GEOLOGICAL  SOCIETT.  [April  2 

u'lc.  rocks  over  to  the  northward,  after  which  they  both  dip  undt 
the  higher  })od.s  of  Tall  Petherwin  and  Trcguddick  Farm. 

To  the  eastward  of  the  fault  before  mentioned,  which  runs  dow 
to  Treveny,  the  countnt'  opens  out  in  the  direction  of  the  Tamer :  an 
nortli  of  Trecarrel  Bridge  lower  rocks  rise  from  beneath  the  Lewm; 
nick  belt  of  volcanic  ash,  and  form  a  ridge,  which,  commencing  : 
Kast  IV-nrrst,  where  the  beds  emerge  from  beneath  the  Culm-meikiun 
of  Ciiddicoiiibe.  passes  by  TreboUets,  Pollinny,  andTrecug-.ir  to  Sjut 
IVth<-rwin,  and  is  then  continued  by  Oldwell  to  the  north  of  Tn-vnz: 
where  these  lower  beds  again  pass  beneath  the  Culm-measun-: 
These  lower  rocks  consist  of  evenly  laminated  pale-green  slate: 
and  are  .qipareiitly  unfossiliferous.  As  a  consequence  of  the  uji 
heaval  of  tlie  beds  eastward  of  the  Treveny  fault,  the  continuatin 
of  the  hi^'her  fossiliferous  slates  of  Tall  Pethen^in  and  Trewen.  wit 
their  included  linustones,  is  carried  to  the  northwanl,  by  Little  IV 
therwin  an<l  the  south  of  Doe's  Houses,  to  the  Landlake  linie£it«)iu- 
(|uarry,  wliere  they  pass  beneath  the  Culm-measures  of  Hald«> 
Down.  On  the  other  hand,  we  have  >\'ithin  this  seniieireular  rid-^ 
oecujiying  the  lower  ground  round  about  Trewarlet  and  Larriek,  an 
on  the  eastwjird  of  Lower  Linnick,  some  of  the  same  fa<*siliferou 
slates  witli  calcareous  seams  (see  fig.  li). 

These  upi)er  beds  are  less  uniform  in  their  petrologieal  charactc 
than  tin'  i)ale-green  slates  below  them.  They  consist  chiefly  «. 
olive  and  brownish  slates,  more  or  less  rust-stained  on  tho  siirf.ic< 
and  often  cleaved  and  splintery.  Interstratified  with  them  ai 
thin  ochreous  seams,  which  occasionidly  contain  fossils;  and  somei 
the  olive-])rown  slates  contain  numerous  minute  points  of  ochreoii 
matter,  the  remains  of  some  decomposed  crystals,  which  give  thei 
a  sjM'ckled  npi)earance.  This  is  so  fi-ecjuent  in  the  upi)er  beds  uf  thi 
vicinitv  as  to  be  almost  characteristic.  The  still  higher  slate  rock- 
however,  or  those  innnediately  beneath  the  Culm-measures,  north  c 
llolloway  Cross  and  Trewen,  are  softer  and  thicker,  and  much  c 
them  is  of  a  very  i)ale  colour  and  an  even  texture. 

The  limestone  at  the  Landlake  quarrj-  dijw  X.X.Fl.,  at  an  angle  f 
20°:  and  it  is  frr)m  this  spot  that  by  far  the  larger  i)art  of  the  Stmt 
Petherwin  fossils  have  been  obtained.  The  other  two  hmcstnn 
patches  ai)pear  to  Im3  less  highly  inclined :  but  there  is  some  dilHeult 
in  making  out  the  dip  satisfactorily,  as  the  rocks  are  here  muc 
rolloil,  and,  morcH)ver,  they  are  aifecttKl  by  cleavage  which  in  som 
places  is  inclined  in  an  opposite  direction  U)  the  bedding,  as,  for  in 
stance,  in  descending  the  hill  from  Little  Petheiwin.  There  appeal 
to  be  no  reason  to  doubt,  however,  that  these  three  smaU  cal 
careous  i)atches  are  on  the  same  lino  of  strike,  curved  round  to  th 
northward  of,  and  rising  up  to,  the  upraised  lower  rocks  on  th 
south.  S(mu*  of  the  associated  slates,  in  fact,  may  be  seen  cappin 
the  highest  groimd  in  the  lane  due  east  of  South  Petherwin,  wher 
Oie  included  ferruginous  seams  contain  Orthoceras  ibe.Vf  PhilL,  a  Clii 
mtnia  much  flattened,  and  some  other  shells :  Spirifera  dUjunel 
and  Sfiiriffnt  Urii  occur  also  abundantly  in  some  slates  halfway  u 
the  hill  south  of  the'T^ndlake  quarry.     In  the  quarry  eouth  of  I)oe' 
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Houses,  fossils  are  specifically  far 
less  numerous  than  they  are  at 
Landlake,  the  only  additions  to  the 
already  known  species  from  this 
locality  being  Tentacidites  annu- 
latus,  Schloth.,  and  a  smaU  unde- 
scribed  species  of  Serpula ;  but  the 
limestone  at  Little  Petherwin,  al- 
though in  the  same  mineral  con- 
dition, contains  few  or  no  fossils. 
Underlying  these  calcareous  beds 
are  two  smaU  patches  of  volcanic 
rock,  the  one  a  Httle  north  of  South 
Petherwin,  the  other  at  Bolathan, 
a  mile  to  the  west  of  the  former ; 
and  it  is  perhaps  worth  noting  that 
these  igneous  rocks  hold  pretty 
much  the  same  relative  position  to 
the  Petherwin  limestones  that  the 
larger  band  of  Lcwannick  does  to 
the  limestone  of  Trewen,  and  may 
possibly  be  offstanding  patches  on 
the  same  horizon.  Eossiliferous 
slates  containingi^pti-tyisra  disjunctu, 
Cyathocrinus  elliptieuSj  and  an 
Orthis  occur  in  the  lane  leading 
fromTrekelleam  Bridge  to  PoUinny, 
about  halfway  up  the  hill ;  and 
the  similar  olive  and  speckled  slates 
with  ferruginous  seams,  which  oc- 
cupy the  depressed  country  round 
about  Trewarlet,  and  beneaUi  which 
the  pale-green  slates  of  Brocka  and 
Trevoza  are  seen  to  dip,  are  again 
fossiliferous  at  Larrick,  Trewarlet, 
and  the  south  of  Laudue  ;  and  on 
the  banks  of  the  Inny  below  Bound 
Bury,  troughed  among  the  beds 
which  overlie  the  volcanic  rocks  on 
either  side  of  the  river  at  Trecarrel 
Bridge,  a  small  patch  of  highly  cal- 
careous ash  occurs,  which  appears 
to  be  sufficiently  on  the  same  ho- 
rizon as  the  limestones  and  calca- 
reous seams  of  south  Petherwin  and 
Trewarlet,  to  be  regarded  as  belong- 
ing to  the  same  group. 

It  would  appear,  therefore,  that 
the  place  of  the  limestones  and  cal- 
careous seams  of  South  Petherwin^ 
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Tn*wen,  Sic.  is  at  a  short  distance  only  above  the  uppenna«^t  bt-lt  of 
volcani(»  rock,  or  that  which  extends  from  Trecarrel  Hridf^>.  hy 
Lcwumiick,  to  Lanoast.  The  overlying  slates  attain  their  prren test 
thickness  in  this  vicinity,  north  of  HoUoway  Cross  and  Trenalt. 

Three  miles  to  the  north  of  South  Petherwin,  these  lower  rocks 
are  again  hrouj^ht  up  to  the  surface  by  a  narrow  anticlinal  axis  nt 
Yeolni  Hridji:e,  wliicli  extends  westward  by  Underwood  Farm.  Tht*?*** 
slaters  are  spanngly  fosfsiliferous ;  but  the  few  species  that  (x-cnr  at 
this  locality  are  all  South  Petherwin  forms,  with  the  exception  of 
Sdiujidnohrtft  cllljjfiaf  and  BeJlerophon  hhilai.%  of  which  latter,  I 
believe,  only  a  sinp:lo  voiy  imperfect  specimoi  has  been  met  with,  ami 
this  may  have  come  from  the  overlying  Culm -measures*. 

TheatUmipt  to  aseert^iin  the  relative  ])osition  of  the  sevtTal  beds  of 
ash  is  attended  with  considerable  difficidty,  o>\*ing  to  the  i»aueity  of 
good  exposures  and  the  uncertninty  regarding  the  true  dip  of  the  Wtls. 
The  belt  of  volcanic  ash  which  extends  from  Tregue  Cross  by  Penhale 
to  the  south  of  1  )avidstow,  appears  to  be  the  same  as  that  wliich  ranges 
up  from  North  Hill  to  the  west  of  Altenian,  broken  off  and  earrii'*! 
further  to  the  nortliward  by  the  granite  of  l^rey  Down  ;  but  the 
strip  of  ('ulm -measures  which  runs  up  from  Coades  Gn»en  to  as  far 
as  Tn-bant,  obscures  in  gn-at  part  the  older  rocks  which  dip  away 
from  this  igneous  belt  to  the  noilh-east ;  and  the  slates  which  further 
on  rise  up  from  beneath  these  Culm-measures,  and  range  by  Alternan 
and  Tregue  C-ross,  are  altered  by  the  granite.  Crossing  the  country, 
however,  from  Trevillans  gate  by  St.  Clether,  we  have  apparently  a 
clear  upward  succession  of  strata,  all  the  way  to  the  Carlwiiaceous 
rocks  of  Coose  ^I  oor.  The  volcanic  belt  of  St.  Clether  consists  of 
an  upi>er  and  a  lower  band  separated  by  l>eds  of  more  schistose  asli 
(along  which  the  river  nins),  and  has  a  north-easterly  dip,  at  an  angle 
of  about  2()\  From  this  belt,  a  little  further  to  the  east,  at  I^neast. 
we  have  again  apparently  an  upward  series  to  the  Culm-measures 
of  lianeast  Down,  all  the  <lips  obtainable  being  north-easterly.  The 
int^'rmcdiatc  belt  of  ignwus  rock,  or  that  south  of  Laneast,  is  highly 
calcareous,  and  has  some  btMls  of  limestone  at  the  top — a  character 
which  it  i)osses8es  in  common  with  the*  volcanic  rocks  of  llteh  Beacon. 
which  strike  up  to  an  impure  limestone  at  Grills,  near  Lesnewth. 
and  appear  to  be  on  the  same  horizon. 

Fig.  4. — Sect  1071  from  Minwonnct  ht/  PoTlaphant  to  the  Oranite 

near  Newton, 

CmmrUati 
Tolla-    Innj  Turapikv 

NcirUMi.  phant.  BfTrr.  Boad. 

S.  :  I         !  t    K. 
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a.  DcTOTiiau  SUtee.    h.  Culm-meaMim.    c.  Onnite.    d,  Volcuiic  Boeks. 

e.  Limestone. 


«  FhiU.  Fal.  Fom.  p.  139,  pi.  68,  f.  203. 
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The  two  masses  of  volcanic  rock  on  either  side  of  the  Inny  at 
Trecarrel  Bridge  appear  to  be  portions  of  the  same  band,  troughing 
some  of  the  higher  beds  between  them,  as  already  noticed.  A 
tolerably  good  section  is  seen  in  the  lane  leading  from  the  bridge  to 
Tregvis,  the  volcanic  rocks  rising  as  an  arch,  which  throws  off  a 
thin  covering  of  the  higher  slates ;  on  the  south  these  undulate  for 
about  a  hundred  yards,  when  the  volcanic  rock  again  rises,  overlain 
by  the  slates.  A  little  further  on,  these  rocks  are  overlapped  by  the 
Culm-measures. 

The  belt  of  slates  in  which  the  volcanic  rocks  we  have  been  con- 
sidering are  included  is  readily  followed  westward  jfrom  St.  Clether, 
by  Davidstow  and  Lcsnewth,  to  the  coast  at  Trevalga,  where  they  curve 
south-west  to  TintagcU,  and  are  there  associated  with  slates  that 
contain  Petraia  CeUica,  Fhticops  latifrans,  /StropJialosia  productoides, 
Spirifera  disjunctu,  and  its  varieties  gigantea  and  inomata,  lUiyn- 
choneUa  pUurodan,  Pterinea  subradiata,  and  Spirifera  spedosa,  all 
of  which,  with  the  exception  of  the  last  two,  are  also  met  with  at 
South  Petherwin.  The  greenish-grey  slaty  rocks  which  support 
the  volcanic  belt  of  Tregue  Cross  and  Penhale  dip  under  it,  and 
strike,  by  Trevillan's  and  St.  Kitt's,  round  the  north-westward  of 
Cadon  Barrow,  lower  rocks  containing  some  thin  grits  being  brought 
up  south-eastward  of  the  barrow,  and  about  Camelford.  To  the 
westward  of  these  lower  rocks,  and  overlying  them,  there  is  a  belt 
of  similar  greyish  slates  striking  up  from  below  the  volcanic  beds  of 
Trcgreenwell,  east  of  St.  Tcath  to  Delabole,  where  the  rock  has 
long  been  worked  for  roofing-slates,  and  thence  to  the  Trewarnet 
slate-quarries,  where  it  curves  round  to  the  coast  at  Tregatta. 
The  exact  mode  in  which  this  range  of  slates  is  brought  into  con- 
tact with  the  higher  rocks  of  Tintagell  is  somewhat  obscure ;  but  the 
abrupt  change  in  the  direction  of  the  strike  suggests  the  probability 
of  a  fault  crossing  the  country  somewhere  betwen  Tregatta  and 
Tintagell.  The  dip  of  the  Delabole  and  Tregatta  belt  of  roofing- 
slates  is  to  the  west,  south-west,  and  south,  as  they  curve  round  to 
the  coast ;  and  if  they  are,  as  they  appear  to  be,  the  same  as  those 
which  support  the  volcanic  rocks  of  Tregue  Cross  and  Penhale,  the 
higher  beds  of  Delamear  Down  (imder  which  these  slates  dip)  must 
be  the  same  as  those  of  Davidston  and  St.  Clether,  but  without  the 
interstratified  bands  of  igneous  rock.  These  latter,  however,  again 
come  in  south  of  St.  Teath,  where  the  beds  begin  to  widen  out  to  form 
a  broad  shallow  trough  with  minor  axes ;  and  as  this  trough  trends 
round  to  the  westward,  it  deepens,  and  includes  higher  beds,  some  of 
which  are  calcareous  and  correspond  in  geological  position  with  the 
fossiliferous  beds  of  South  Petherwin.  The  slates  wMch  include  these 
ash-  and  lava-beds,  and  support  the  higher  rocks  troughed  in  the  83^- 
clinal  axis,  form  therefore  two  belts : — a  northern,  which  trends  east 
and  west  from  the  south  of  St.  Teath,  at  Treburget,  to  Pentire  Point; 
and  a  southern,  which  is  continued  by  St.  Tudy  and  St.  Mabyn,  and 
then  curves  round  to  the  Camel  river  at  Egloshayle,  beyond  wluch  it  is 
continued  without  the  volcanic  bands,  by  the  south  of  St.  Breock  and 
St.  Ervan,  to  the  coast  at  Bedrutheu.     Some  of  these  volcanic  bands 
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lire  no  doubt  the  same  beds  repeated  by  the  subordinate  anticlinal 
and  syiulirial  folds  ;  and  faults  may  have  destroyed  the  continuity  of 
a  hvdj  and  tlirown  it  out  of  the  line  of  strike,  as  is  the  case  in  the 
vicinity  of  Pads  tow.  The  limestones  and  fossiliferous  bands  range 
on  cither  side  of  the  axis  of  the  trough,  which  trends  from  Constantine 
Bav,  bv  Padstow  and  St.  Michaeld,  to  Ix)wer  Amble,  round  to  the 
south-east  of  St.  Kew  ;  and  some  of  these  higher  beds  consist  of 
puri)lisli  argillaceous  slate  ver}*  similar  to  some  of  that  associatt'd 
with  the  volcanic  rocks  of  Salt^ish  and  St.  Germans,  to  be  noticed 
hereafter. 

Tlie  fossils  of  the  Padstow  district  occur  chiefly  at  Pemiizen  Bay. 
Dinas  Cove,  and  PeiKjuoan,  and  consist  of  Petmia  Ctltica,  Phacops 
IdtifronSy  ]\  hu'lui'ttus,  AtJu/ri'<  coru*entn'ca,  Airypa  Jesqufimata,  and 
Urthvccras  Lwhusc,  Phill.  (which  are  also  South- Pctherwin  forms'), 
Spirifti'it  sp(cioS(t,  Ptiiiamerus  brevirostris,  Strcpiorhifnchus  mim?»«i- 
cnJiun,  Striinfoct/thalus  (/if/anteiis,  Ci/atJiocnnus  mer/aati/hts  (which 
are  Middle  Devonian),  and  A^plrifeni  hysterica^  whidi  is  a  Looe  and 
also  a  Lynt'Mi  sjiecies,  but  is  said  to  occur  likewise  in  the  limestone 
of  Wnnll)ur.)uj*:h  ne:ir  Newton  Bushell.  From  Bodnithen  Steps.  Mr. 
IVnp'lly  has  o})tainod  specimens  of  Pferasph  Cornidficufy 'Sl^Voy : 
and  this  is  the  lowest  horizon  on  wliichit  has  hitherto  been  obsen'cd. 
We  havi?  therefore  six  species  occurring  in  the  Padstow  area  in 
coninion  with  South  Pethorwin,  and  six  in  common  with  the  Luoe- 
river  district,  with  two  that  belong  to  intermediate  stations,  viz. 
Sjtiriftrtf  sjxrlosn^  which  or-curs  also  at  Tintagell,  and  Phacops  hitu 
J'nms  at  Liskeard.     See  Table  III.,  p.  450. 

These  rocks  rise,  on  the  south  of  the  trough,  to  the  anticlinal  axis* 
of  St.  J{r(M)ck'H  l)o\ni ;  and  in  all  probability  the  slates  which  contain 
the  calcareous  and  fossiliferous  rocks  of  St.  Colimib  Perth  and  Xew 
Quay,  are  the  same  beds  repeated  on  the  south  side  of  the  axis*. 
Tliis  axis  extends  from  the  coast  north  of  Trenance  Point,  near 
!Morjran  Poith.  to  the  Camel  above  Polbroke,  and  brings  up  lower 
r<icks,  wliich  consist  chiefly  of  thick  pale-coloured  slates  with  bands 
of  hard  irrey  grit?,  the  whole  much  traversed  with  veins  of  quartz, 
fragments  from  which,  nungled  with  those  from  the  grits,  are  strewed 
ahundantlv  over  the  surface  of  the  down.  Eastward  of  the  Camel. 
the  coimtiy  to  the  south  of  the  axis,  about  Bodmin  and  Lanivit,  is 
thrown  up  by  the  granite  of  St.  Austell,  and  the  dip  becomes 
northerly,  at  lor  the  most  part  low  angles.  This  upcast  is  aided  by 
a  line  of  fault  which  extends  from  the  east  of  liodmin,  by  the  Black 
Pool  Barrow,  to  the  west  of  Ix)stwithiel.  Tlie  crest  of  the  St.  BrcockV 
Down  axis,  which  is  foimcd  by  the  arenaceous  beds,  thus  becomes 
H'latively  de]»resscd  ;  and  the  country  round  about  Bodmin,  west  of 
the  fault,  and  between  it  and  the  Camel,  consists  chiefly  of  Uie  thick 
slaty  rocks  which  form  the  flanks  of  the  axis,  and  some  unimportant 
bands  of  grit,  undulating  oflT  to  the  northward.  At  the  quarries  at 
Castle  Canyke,  and  about  Bodmin  Down,  the  angle  of  dip  is  about 
20'^ ;  south  of  Bodmin  Down  bands  of  grit  rise  to  the  south  and  crop 
out. 

»  StT,  furthor,  De  lu  Beehc.  Report,  p.  SH. 
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To  the  oast  of  the  £ault  which  passes  Lostwithiel,  and  wliich  is 
probably  continuous  with  the  Tywardreath  copper-lode,  the  country 
is  upraised,  and  the  rocks  are  similar  to  those  of  St.  Breock's  Down, 
much  traversed  with  quartz  veins,  blocks  and  fragments  of  which 
lie  about  in  abundance.  The  gritty  and  arenaceous  beds  form  a 
narrow  belt  of  country,  which  extends  from  the  north  of  Black  Pool 
by  the  Grey  Mare  and  Bye  Down,  and  between  Boconnock  and 
Broadoak,  to  Bucka-Barrows  and  Bury  Down ;  and  the  grit  beds 
south  of  St.  Keyne  appear  to  be  the  continuation  eastward  of  the 
same  belt  of  rocks.  Opposite  the  Parsonage  at  St.  Keyne  these  grits 
lie  horizontally,  and  there  can  be  no  doubt  about  their  passing  under 
the  argillaceous  and  calcareous  rocks  on  the  south ;  but  it  is  not  so 
clear  whether  they  rise  from  under  the  slaty  rocks  on  the  north  at 
St.  Keyne,  or  whether  they  are  faulted  against  them.  These  grits, 
with  the  thick  slates  which  overlie  them,  together  with  those  which 
form  the  high  ground  between  the  forks  of  the  Towey  Biver  at  St. 
Winnow,  and  the  south-east  of  Lostwithiel,  constitute  a  somewhat 
triangular  area,  having  the  Lostwithiel  fault  at  its  base,  which 
separates  and  dovetails  in  between  the  higher  rocks  of  the  liskeard 
synclinal  trough  as  it  crosses  the  tributaries  of  the  Eowey,  south  of 
Warleggon,  and  St.  Neots  on  the  north,  and  the  rocks  of  similar  age 
as  they  strike  from  the  Looe  river  below  Tredinick  by  Lanreath 
and  St.  Veep  to  Trewardreath  on  the  south.  In  this  view,  I  am 
compelled  to  differ  from  the  opinion  of  the  late  Sir  Henry  De  la 
Beche,  who  held  that  the  thick  slates  and  grit  beds  of  Boconnock 
and  Rye  Down  are  higher  beds  overlying  the  red  slates  of  Lansalloes 
and  Oregon* .  The  reasons  against  this  will  become  more  apparent 
when  we  have  followed  up  the  higher  rocks  from  the  eastward. 

To  return  to  the  beds  which  skirt  the  Gamelford  granite  on 
the  north-west.  The  volcanic  rocks  of  Alteman  and  North  Kill 
terminate  near  Kelbrook,  being  broken  through  by  An  elvan ; 
the  similar  rocks  of  Bray's  Shop,  and  Pengelly,  although  the 
continuity  has  not  been  actually  ascertained,  are  probably  portions 
of  the  same  band  disconnected  by  some  local  disturbances.  The 
small  patch  at  Treven  connects  this  last  with  the  larger  patches  of 
South  Hill,  Hay,  and  Callington,  and  these,  again,  with  another  small 
faulted  patch  at  New  Bridge,  which  last  is  not  very  far  removed 
from  the  line  of  strike  of  the  volcanic  rock  of  St.  Cleer.  These 
patches  do  not  form  portions  of  a  continuous  bed ;  but  it  is  probable 
that  they  all  belong  to  the  same  horizon,  judging  fr^m  the  general 
relations  of  the  rocks  of  the  district — the  bed  of  volcanic  rock  at 
St.  Cleer  on  the  south  bearing  very  much  the  same  relation  to  the 
granite  that  that  of  Alteman  does  on  the  north,  lower  rocks  being 
brought  up  in  the  interval  on  the  east  of  the  granite  at  Garadon, 
Notter  Tor,  and  Bondwall*s  Mill.  On  the  east  of  these  lower  rocks, 
the  country  around  Linkinghome  and  South  Hill,  which  is  on  the 
line  of  upheaval  between  the  Brown-Willy  granite  and  Hingston 
Down,  is  thrown  down  by  the  faults  at  Hay  and  the  Eedmoor  Mine, 
and  with  it  a  patch  of  the  Culm-measures,  in  the  same  manner  that 

»  Eep.  pp.  80-81. 
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the  t'liull^  of  Cotclc  and  Pentre  Cross  have  thrown  down  the  country 
about  St.  ]Mi'llion.  To  the  south  of  St.  Ives,  however,  we  come  into 
a  Ix'lt  of  country  the  structure  of  which  is  very  difficult  to  unravel, 
owing  to  tlie  obscurity  of  the  bedding,  the  phiues  of  cleavage  being 
so  much  more  stroiijcly  marked  than  the  lamination.  Thus  at  Ten- 
eroek,  near  LisktMinl,  and  at  Ilcpple  Mill,  near  Quethiock,  vertical 
beddiup:.  in  which  tlu?  stratification  is  shown  by  seams  of  ochrtous 
mattirial,  is  seen  cleaved  by  pianos  which  dip  to  the  south  ut  an 
angle  of  12°;  and  at  l\>i)e'8  Mill  horiaontal  beds  are  cleaved  at  an 
angle  of  35°,  dipping  in  the  same  direction :  but  in  the  great  ma- 
jority of  the  exposures  it  is  imi)08siblo  to  ascertain  whether  the 
lamina)  are  those  of  deposition  or  of  cleavage*.  It  would  appear, 
however,  that  the  argillaceous  rocks,  with  their  included  beds  of 
voleanie  asli  &c.y  are  here  thrown  into  a  scries  of  narrow  east  and 
west  plications,  wliich  succeed  each  other  in  an  oblitjue  line  extend- 
ing from  the  neigliltourhood  of  St.  Xeots  to  Saltash  on  the  Tamer: 
but  the  detiiils  are  involved  in  intricacy,  as  one  anticlinid  axis  dove- 
tails in  between  others  in  a  manner  that  renders  it  diffieidt  to  follow 
the  beds  along  their  strike  for  any  distance.  A  synclinal  axis,  how- 
ever, crosses  the  Tcanjile  branch  of  the  Fowey  below  Pan  tor's  Bridge. 
and  runs  eastward  to  Mount  Coldwind,  north  of  the  Doublebo« 
railway-station,  bevond  which  it  ceases  to  be  recognized.  The  rocks 
on  the  north  of  (iuethiock  and  Liskeard  dip  to  the  south,  under  bedi 
which  are  fossiliferous  at  the  railway-station  and  at  the  slate-quarry 
south  of  Pope's  ^lill,  where  they  include  a  bed  of  argillaceous  lime- 
stone three  feet  in  thickness,  first  noticed  by  the  late  Mr.  Giles +. 
Tliese  beds  rise  again  to  an  anticlinal  axis  at  Mcnhoniot,  which 
runs  eastward  ])etween  the  ash -beds  at  Combe ;  and  this  is  succeeded 
))y  a  synilinal  trough  at  Tilland  slate-quarry, in  which  the  beds  are 
higlily  inclined  (W^  to  80°),  and  the  slates  sometimes  blue  or 
I)urj)lish.  •  A  sharp  anticlinal  axis  follows,  which  extends  finom 
Menheniot  railway-station,  by  Molenick  and  Notter  Mill,  to  Botes 
Fleming,  beyond  which  there  is  a  syncHnol  trough  ranging  from  tl»e 
north  of  St.  Luke's  by  Landrake,  and  across  the  Tamer  to  the  north 
of  St.  Budeaux,  containing  highly  incUned  grey,  blue,  and  piu^ile 
slates,  which  appear  to  form  one  or  more  subordinate  anticlinal 
folds.  One  of  these  minor  folds  occurs  at  8toketon,  and  is  on  the 
same  line  (»f  strike  as  the  axis  south  of  Tamcrton  Foliot,  noticed  by 
Prof,  rhillijjs  J,  and  another  at  Trematon.  The  slates  and  volcanic 
rocks  of  Saltash  and  St.  Stephens  rise  on  the  south  of  the  latter 
trough,  but  they  appear  to  constitute  rather  a  series  of  plications 
than  ti  single  axis.  It  would  appear,  therefore,  either  that  the 
lamination  is  decei>tive  and  does  not  represent  the  true  bedding,  or 
that  the  plications  must  be  very  numerous,  even  more  so  in  fact  than 
the  above  deseripticm  would  imply;  otherwise  the  prevalence  of  ver- 
tical and  highly  inclined  stratification  over  a  distance  of  three  or 
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four  miles  would  imply  a  great  accession  of  deposits  unrepresented 
elsewhere.  On  the  west  these  slate-  and  ash-beds  appear  to  rise  up 
over  lower  rocks ;  but  on  the  east  their  relation  to  Uie  ai^gillaceous 
slates  about  Fillaton  is  not  quite  so  clear,  as  the  nearly  W.S.W. 
fault  from  Pentre  Cross  may  be  prolonged  across  the  Notter  at 
Pillaton  Mill,  and,  if  so,  would  not  be  without  its  influence  on  the 
rocks  of  the  Tiddi  valley. 

Assuming  that  the  volcanic  rocks  of  St.  Cleer,  New  Bridge  (on  the 
Nottcr),  Callington,  Hay,  South  Hill,  and  Bray's  Shop  belong,  as  I 
believe,  to  the  same  geological  horizon  as  the  long  belt  which,  bor« 
dering  the  granite  on  the  north,  runs  up  by  North  Hill  to  the  south 
of  Alteman,  the  beds  which  dip  into  the  synclinal  area  of  liskeard, 
and  undulate  thence  to  Saltash  and  St.  Stephens,  represent  in  less 
force  the  higher  group  of  Davidstow  and  Lewannick.  Folded  in 
among  this  upper  group  are  some  slate-beds  locally  fossiliferous,  as 
at  the  TregrU  slate-quarry,  at  Great  Tressell  north  of  St.  Keyne, 
Doubleboys,  Stoney  Bridge,  near  Liskeard,  and  in  the  cuttings  of 
the  railway  south  of  the  town,  and  likewise  at  Saltash  and  St. 
Stephens.  Among  these  fossils  wo  And  noticed  PUurodictyum  pro^ 
hhmaticum,  Atrypa  desquamata,  BeUerophon  hisulcaiuB^  FenesteUa 
anttqua,  an  Orthoceras,  two  species  of  Spirifera^  some  undetermined 
CyathophyUido!,  Phacops  latifrons,  and  P,  punetatus.  The  last 
species  was  found  at  Great  Tressell  by  Mr.  Pengelly,  and  is  a  cha- 
racteristic Middle-Devonian  fossil  *. 

South  of  St.  Stephens  the  slates  and  ash-beds  dip  to  the  south. 
They  include  some  calcareous  bands,  and  pass  under  a  thick  series 
of  argillaceous  rocks  of  grey,  blue,  and  purple  colours,  interstra- 
tified  with  ash-beds,  which  lead  up  to  the  base  of  the  Plymouth 
limestone.  These  beds  are  laminated  at  a  high  angle,  and  appa- 
rently the  lamination  is  in  the  plane  of  the  bedding.  East  of  the 
Hamoaze  the  beds  seem  to  form  a  short  synclinal  trough,  the  slates, 
which  are  vertical  along  a  line  extending  from  Tor  Point  to  Anthony, 
dipping  northerly  at  high  angles  along  the  shore  of  Sango  Lake. 
They  are,  however,  again  thrown  over  to  the  south  at  Wolsden 
House,  and  become  undulated  and  contorted  at  St.  John's,  but  again 
dip  southerly  at  Mendinnick,  and  this  dip  is  preserved  all  the  way 
to  the  Rame  Head,  the  slates  south  of  Higher  Tregantle  being  moro 
or  less  hard  and  arenaceous,  with  uneven  surfaces,  and  often  inter- 
stratified  with  grit  bands.  At  Wolsden  House  these  contorted  beds 
contain  some  calcareous  seams,  and  a  bed  of  volcanic  ash  occurs  to 
the  south  of  the  park ;  a  few  grit  bands  may  be  seen  between  the 
village  and  Mendinnick,  but  the  contortions  which  may  be  here 
observed  die  out  before  reaching  the  coast.  The  slates  of  Tor  Point, 
which  are  there  chiefly  grey  or  blue,  range  past  Anthony  to  Graft- 
hole,  where  they  become  reddened  and  include  thin  bands  of  grit. 
If  we  recross  the  beds  frx)m  the  coast  at  Port  Winkle  to  the  lime- 
stone of  St.  Germans,  which  is  on  the  same  line  of  strike  as  the  cal- 
careous bands  south  of  St.  Stephens,  we  find  that  the  varic^ted 

'*'  Fig.  in  Paljcontographical  Society's  Monograph  on  Trilobiteti,  vol.  i.  part  1, 
by  Mr.  Salter,  pi.  1.  figs.  17-19. 
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tjlutes  with  thin  grits,  of  Grafthole  and  Port  Winkle,  are  succeeded  by 
the  j^rcy  slates  of  Polscovc,  and  these  again  by  the  grits  of  Shoviock 
Wood,  wliich  strike  E.X.E.  towards  Creep ;  but  they  are  poorly 
represented,  if  at  all,  on  tho  coast,  and  their  place  appears  to  be  occu- 
pied by  the  hard  reddish  arenaceous  slates  of  St.  Germans  Beacon. 
A  considerable  belt  of  slate  occupies  the  country  to  tho  north  of 
these  grit^,  from  Sconuer  to  Polba thick  and  thence  to  St.  Gcrmansii, 
and  runs  out  to  seaward  between  Downderry  and  the  Flag-statf 
west  of  the  mouth  of  the  Scaton  river,  the  dip  being  S.  20°  E.  at 
Polbathick,  and  becoming  south-easterly  on  the  coa^t.  lieueath 
these  slates  are  grit  beds,  which,  striking  down  from  Caraciivn 
Cross  to  tlie  towns  of  Looe,  overlie  or  include  a  band  of  limestone 
north  of  the  east  town,  and  another  at  Hessen  Ford.  There  is  some 
difficulty  in  correlating  this  latter  with  the  limestone  of  MiUadon 
uud  St.  (lernians  ;  but  the  beds  at  South  Bake  dip  westerly,  and  il 
appears  that  some  disturbing  influence  has  been  in  operation  in  the 
vicinity. 

If,  however,  wc  take  the  section  up  tho  Looe  river  a  little  further 
to  the  west,  we  find  tho  grit  beds  and  limestone  of  the  town  of 
l»oe  succeeded  l»y  a  long  downward  succession  of  argillaceous  slates, 
which  are  occasion  ally  calcareous,  as  in  Common  Wood,  at  the  pools 
o])p()site  Tr(Miant,  at  Terrei*s  Pill,  where  we  have  the  continuation 
of  till?  PoliHVer  limestone,  and  at  tho  bridge  at  the  foot  of  the  ascent 
to  Duloe.  The  section  is  not  consecutive,  and  therc  are  intervals, 
where  no  rocks  are  exposed,  wide  enough  for  concealed  reversals  of 
thi»  dip  to  occur ;  but  wc  miss  from  the  scries  the  gritty  bauds  and 
reddish  arenaceous  slates  so  abundant  between  the  base  of  the  Hcs- 
sinj:ford  lim«\stone  and  tho  coast.  Amid  rocks,  liowever,  in  which 
grits  appear  so  irregularly,  this  circumstance  loses  much  of  its 
inii)ortance. 

If  we  follow  the  strike  of  tho  calcareous  beds  south  of  St.  Ste- 
])hens  by  St.  Germans  to  Milladon,  and  thence  to  Trediuick  and 
Tremain,  we  have  the  northern  limit  of  a  group  of  beds  which  occu- 
l)ies  the  interval  between  tho  volcanic  rocks  of  Saltash  and  the 
Plvmouth  limestone,  deflected  round  to  the  south-east  as  we  advance 
towards  the  Looe  river,  by,  as  I  believe,  the  upheaval  of  lower 
rocks  between  Duloe  and  St.  Keyne ;  and  although,  in  the  section 
of  the  argillaceous  rocks  of  the  Looe  river,  folds  and  repetitions  of 
the  beds  may  e8cai)e  observation,  there  cannot  be  much  ambiguity 
about  the  dip  of  the  beds  along  the  coast  of  Wliitesand  Bay,  where 
the  bedding  is  rendered  clear  by  the  seams  and  bands  of  interstra- 
titii'd  grit.  This  belt  of  rocks,  which  on  tlio  Hamoaze  occupies  an 
interval  of  no  more  than  about  two  and  a  quarter  miles  when  fol- 
lowed to  the  Looe  river,  widens  out  to  nearly  three  times  that  dis- 
tance. Tliis  appears  to  bo  due  partly  to  the  lowering  of  tho  angle 
of  dip,  and  partly  to  the  addition  of  arenaceous  materials  which  have 
come  in  from  the  south-west  or  south ;  at  the  same  time  there  is  the 
possibility  of  some  concealed  repetition  of  the  bods  betwoen  the 
Lvhner  river  and  the  coast. 

The  attempt  to  determine  the  relations  of  this  bolt  of  rocks  west- 
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ward  of  the  Looe  river  is  not  unattended  with  difficulty.  It  has 
been  already  stated  that  a  fault  extends  from  the  west  of  Bodmin, 
by  Lostwitlnel,  towards  the  coast.  A  second  fault  trends  from  the 
mining-district  of  Pembroke  across  the  Gribbin  promontory  to 
Combe  Hawne,  near  the  mouth  of  the  Powey.  This  latter  fault 
has  thrown  up  the  country  on  the  north,  and  brought  up  at  Pen- 
carra  Head,  Fowey,  and  Tywardreath  the  rocks  which  passed  down 
at  Trcdinick,  Tremain,  and  St.  Veep,  forming  a  synclinal  trough 
which  contains  the  fossiliferous  rocks  of  the  Looe  river,  together 
with  some  red  and  variegated  argillaceous  beds  which  range  up 
from  the  coast  at  Talland,  by  the  north  of  Lansalloes  and  Gregon, 
across  the  Fowey,  towards  Tywardreath.  These  red  slates  appear 
to  be  a  continuation  of  those  which,  trending  down  from  Polbathick, 
become  partially  reddened  at  Narkurs  and  Treliddon,  and  reach  the 
coast  at  the  mouth  of  the  Seaton  river ;  and  if  the  upcast  of  the 
coast-line  between  Talland  Bay  and  Gibbin  Head  is  not  entirely 
due  to  the  fault  already  noticed,  but  is  partly  owing  to  an  anticlinal 
axis  out  at  sea,  south  of  Polperro,  it  is  not  impossible  that  such  axis 
may  curve  round,  parallel  with  the  belt  of  variegated  slates,  and 
strike  the  coast  of  Whitesand  Bay  at  St.  Germans  Beacon,  accom- 
panied by  inversion  of  the  strata,  and  terminate  in  the  bed  of  the 
Lyhner  north  of  Anthony.  In  that  case,  the  grits  of  Sheviock  Wood 
would  be  the  same  as  those  of  Carracawn  Cross,  with  the  slates  of 
Polbathick  folded  in  between  them. 

Notwithstanding  the  apparent  contrariety  of  the  dips,  and  the 
consequent  difficulty  of  obtaining  satisfactory  evidence,  I  believe 
that  the  argillaceous  rocks  of  Lanrcath  and  the  north  of  St.  Veep 
rise  up  from  beneath  the  fossiliferous  and  purple  slates  on  the  south, 
and  overlie  the  gritty  beds  of  Boconock.  Looking  to  the  general 
structure  of  the  country,  and  to  the  manner  in  which  the  slates 
with  ash-beds  of  Saltash  and  St.  Grermans  are  carried  north-west- 
ward by  Liskeard  and  St.  Neots,  rising  up  over  lower  rocks  on 
the  one  hand,  while  the  calcareous  and  argillaceous  rocks  that  over- 
lie them  are  curved  southward  across  the  Looe  river  to  the 
mouth  of  the  Fowey  on  the  other,  it  appears  more  consistent  with 
probability  that  the  grits  and  thick  slates  associated  with  them  are 
lower  rocks  broadly  elevated  rather  than  higher  beds  troughed  in  a 
shallow  basin.  In  mineral  character  they  resemble  those  of  the 
Bodmin  district,  and  appear  to  be  the  same  disturbed  in  their  line 
of  strike  by  the  Lostwithiel  fault,  and  have  no  resemblance  petro- 
logically  to  the  higher  rocks  of  the  Plymouth  country.  Moreover 
the  slates  of  the  mouth  of  the  Fowey,  and  of  the  coast  thence  to 
Polperro,  which  support  the  red  rocks  on  the  north,  contain  Pteratpis 
Cormthtetis,  M'Coy,  which  has  been  found  also  in  the  slates  of  (^iff 
on  the  Fowey,  and  in  the  vicinity  of  St.  Yeep ;  it  occurs  likewise 
on  the  same  line  of  strike  in  the  calcareous  slaty  rocks  at  Milladon, 
near  St.  Germans  ♦. 

The  fossiliferous  slates  of  Saltash  and  St.  Germans,  with  their  in- 
cluded volcanic  ash-beds,  brought  down  from  the  north-west  by 
*  For  a  different  intorpretation,  see  De  U  Becbe,  Bep.  pp.  80,  81. 
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repetitions  oblique  to  their  line  of  strike,  jirin  <m  the  Hainoan  witb  tti 
Bi^U&cooos  rocks  of  PolbaUiiok  snd  Anthony,  and  Tango  —itwsri 
by  the  south  of  Egg  Uuokland  to  HanMrtm  Bah  sad  tiie  ncdn^  d 
Ivy  Bridge,  where  they  are  bnkai  throa^  by  the  gianito  at  Bmi- 
fonL  Huoh  of  this  sUte  is  red  or  darat-oolioiirad,  especullj  in  As 
vidoity  of  Eeyham,  Stc^,  and  Paid  Psik ;  and  tiHa  gritty  faonA 
associated  with  them  farther  to  the  west  ^ipM'  to  hnre  amin^ 
thinned  out  before  reaching  the  Hamoan.  To  Hie  eaatwazd  at  Iiy 
Bridge  and  the  granite,  ^  beds  onrre  to  thn  north  a— t,  ntStg 
on  the  yolcanio  rocks  of  South  Brent,  wfaich  are  altered  by  Ai 
granite ;  and  they  include,  on  the  same  line  of  strike,  aa  va  ad- 
vance to  the  north-east,  other  bands  of  igneona  rook,  togatiw 
with  the  limestones  of  finok&stleigfa,  Ashhurtoo,  T'  ' ' 
Ash  Hill,  These  limeetones  dip  to  the  east  and  aontfa 
angles  varying  &om  15°  to  20°,  Imt  they  are  much  brokea  faj  nocft* 
weet  and  south-oast  faults.  Ilie  alatea  on  the  west  of  tiie  limestaa 
are  uniformly  argillaceous,  and  (rften  very  erenly  ^^'"■^at1M^,  aid 
appour  everywhere  to  dip  nnder  the  limestones.  The  ™"w»— •  a 
which  these  lower  rocks  are  brought  against  Ute  Cnlm-niBaaaras  k« 
been  already  described,  as  also  the  position  of  the  beds  west  of 
Ashburton,  which,  near  the  town,  dip  towards  the  Ttdcaaia  ro^ 
and  limestones ;  but  at  HoisehiU  and  at  the  corner  of  the  lane  liwlin 
up  to  the  Druids'  Form  they  are  thrown  over  to  the  lunfli,  liiij  mi 
which  the  bedding  appears  to  be  nearly  vertical ;  and  they  OoatHa 
Spirifera  dUtjuncta,  Petrtna  bina,Athynt  coMOdriea,  CAomsCss  asniiih 
Orihii  {'aUrlineata,  and  a  spedes  of  OyaOucrimiu;  and  in  all  p  ' 
bility  these  light-coloured  beds,  thns  thrown  nnder  the  Cnlm' 
sures,  may  not  be  very  &r  below  the  base  of  the  limeatoDOi. 

As  wo  follow  the  slate-beds  westward  of  tiie  aonUteni  esti 
of  the  granite  at  Ivy  Bridge  along  their  line  of  oatoRip  to  As 
north-east,  thoy  become  less  and  l«s  indined,  aa  aeen  in  tto  id- 
way-sectdons  between  Ivy  Bridge  and  Totneo ;  the  lower  beA^  ■ 
they  range  northward,  fellow  the  ooom  of  die  voloanifl  nd«  ■! 
limestones  of  Dean  Chordi,  Bnok&stleig^  Ashburttm,  and  BUE* 
ington,  dipping  to  the  east  and  south-east  at  anglea  wliiah  daail 
average  more  than  12°  or  Iff*,  and  seldom  ixmd  l;,'i^  ;  while H 
higher  beds  pass  by  Block  Hall,  near  N<'>v  l<ri<I^^.  on  the  An 
where  they  are  fossiliferoos,  to  Bsiidwell.  »m\  Fbcuce  tu  D.trtingt< 
north  of  Totnes.  Thns  the  belt  of  looka  opens  out,  and  tho  bed 
being  thrown  down  moreorlevhoriuDtaLly  ,oy  the  faulting  end 
north-west  of  the  Ashbortaa  range  of  linMtones,  uudulato  br«d 
over  the  oonntiy  towards  the  ooast  at  Tacl>»,  supporting  the  lin 
stones  of  Dartingttni,  Berry  Foniaoj,  Marluut,  Ogwell,  Kingdtoi 
wcJl,  and  Torquay,  and  the  minor  patdhes  of  8aadwdl,  FayH 
Wocdstone  Green,  &o.  Althongfa  oooaaioBally  purpk,  the  beds  ate ' 
frequently  so  than  they  are  ftutiiiCT  to  the  wcEtward,  and  grit  ba 
appear  to  be  absent. 

The  evidence  of  the  st^erpontiaD  of  th*  slates  to  the  Aahboit 
limestones  appears  to  be  fne  from  ambiguity,  uotwithstandipg 
faults  which  eroas  the  beds  on  the  liiw  of  strike.    The  " 
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occupy,  for  the  most  part,  the  low  ground,  and  dip  into  the  hills  on 
the  east  and  south-east,  which  are  composed  of  dates  and  ash  heds 
dipping  in  the  same  direction,  and  rising  steeply  200  feet  or  more 
above  the  limestones.  This  is  well  seen  at  Pridhamsleigh,  in  the 
descent  to  Ashburton  from  Goodrington,  and  in  the  hills  north  of 
Bickington,  whore  the  limestone  is  overlain  by  volcanic  rocks. 
Even  supposing,  therefore,  that  the  lamination  does  not  represent 
the  true  bedding,  it  will  still  appear  that  the  slates  are  uppermost. 

The  relation  of  these  slates  to  the  overlying  limestones  will  bo 
considered  in  connexion  with  the  latter. 

2.  Plymouth  and  Torhay  Limestones,  —  The  Plymouth  mass  of 
limestone  commences  on  the  west  at  Impacombe,  south  of  Devon- 
port,  where  it  is  overlain  by  the  slates  and  red  rocks  of  Mount 
Edgeombe  ;  and  slates,  for  the  most  part  blue,  pass  under  it  on  the 
north  ;  but  its  relation  to  the  rocks  on  the  west  is  obscured  by  the 
waters  of  the  Hamoaze  and  8ango  Lake.  I  am  unable,  therefore, 
to  bring  this  limestone  into  connexion  with  the  contorted  beds  of 
St.  John's,  among  which,  as  already  noticed,  there  are  some  calca- 
reous slates ;  but  the  higher  beds  of  Impacombe  appear  to  run  out 
seaward  by  Millbrook  and  Withnoe,  above  the  purple  and  greenish 
slates  of  Freathy,  which  include  some  bands  of  volcanic  ash.  It  is 
the  same  with  its  eastern  termination,  which  appears  to  thin  out 
horizontally  or  nearly  so.  As  observed  by  Sir  Henry  De  la  Beche, 
however,  there  is  much  ambiguity  about  the  bedding  of  this  lime- 
stone, although  the  general  dip  of  the  mass  is  to  the  south,  so  that 
its  relations  and  thickness  are  difficult  to  ascertain.  The  joints  are 
very  regular,  and  in  places  where  the  rock  is  highly  crystalline  the 
true  bedding  is  very  obscure.  There  can,  however,  be  little  ques- 
tion that  the  limestone  overlies  the  variegated  slates  of  the  north 
of  Plymouth,  and  dips  under  the  grey  and  blue  slaty  rocks  of  Mount 
Edgeombe,  Plimstock,  and  Elberton ;  and  between  its  outcrop  and 
its  dip  under  the  higher  rocks,  it  appears  to  form  one  or  more  undu- 
lations, so  that  its  real  thickness  may  be  very  much  less  than  its 
superficial  breadth  and  apparent  dip  would  seem  to  indicate. 

In  following  the  line  between  the  slates  which  underlie  and  over- 
lie the  Plymouth  limestone  to  the  eastward,  we  are  assisted  by  the 
volcanic  rocks  of  Hearston  and  Eilham  House,  which  lead  up  to  the 
fossiliferous  slates  of  Black  Hall  on  the  Avon.  No  limestone,  how- 
ever, occurs  on  this  line  of  strike  until  we  reach  Sandwell,  where 
there  is  a  small  patch  overlain  by  volcanic  rocks ;  and  beyond  this 
we  have  the  somewhat  larger  patch  of  Paytor,  which  is  brought 
down  by  a  fault  bounding  it  on  the  north ;  and  apparently  the  lime- 
stone of  Woolstone  Green  is  also  faulted  down.  There  is  a  fourth 
small  patch  at  West  Ogwell,  which  together  with  those  just  named 
appear  to  form  the  thin  western  margin  of  the  range  of  limestone, 
which  becomes  more  largely  developed  immediately  to  the  eastward 
of  them.  The  great  mass  south-west  of  Newton  Boshell,  which 
constitutes  the  Ogwell  and  Ipplepen  limestone,  forms  a  tableland 
of  slightly  undidatiDg  beds,  denuded  and  excavated  in  the  vicinity 
of  East  Ogwell  and  in  the  valley  of  the  Torbryan  brook,  so  as  to 


expoM  the  nndarlying  beds,  wbidi  st  tha  fbnnar  looali^  taamat  m 
p^  of  rolcanio  a^.  On  tbe  Mat  of  O^irell  tliu  limaitoaie  »  anr- 
lam  by  Culm-meaBiirea,  u  alrea^  itated  wbea  deMnibiag  ttoi 
Carbonaceoufl  rocks,  thrown  down  Kpptnnilj  agmuut  th«  BOirif 
Tertioaj  limeatone  of  Connator,  oD  the  east,  by  a  Iknlt.  Hum  otta 
small  masses  of  limestone  we  seen  to  the  n<nth-«Mt  of  OosmstWi 
one  of  which,  near  Woolbonni^  Cbaroli,  has  aflbrded  r  fine  mob 
of  organic  remains,  many  of  i^ich  are  qnite  local*. 

On  the  east  of  the  Ogwell  and  Ipplopen  limeatame  th»  lowv  ilitM 
are  faulted  up,  and  form  bi^  girand  about  Duntoo  S^iooI-Imh^ 
and  between  the  school  and  Whitbonnigh  on  Qm  oast  Ulan  dria 
throw  off  Che  limestone  of  Kings  Eenwell  on  th«  waOt,  wbdA  dip 
under  some  higher  slates  at  the  village,  and  the  limeatoiw  of  BnOif 
Barton  on  the  south.  This  latter  appears  to  be  Uie  mgttwB  tip 
of  the  Marldon  mass  exposed  &am  b^ieath  tiie  lynAjiag  Ifvw  M 
sandstone  and  conglomerate,  the  amall  potonnoiu  of  O 
Combe  Fishucre,  and  the  narrow  outorop  at  Battlefiird  i 
their  connexion  beneath  ;  and,  the  apoast  on  the  e»t  of  Ae  b^ 
stone  of  Ipplepen  being  mnoh  less  than  it  is  at  Dunton  Sehool-hoBt 
and  the  Two-mile  Oak,  the  two  limeatone  mnsatis  at  Boir  H3 
are  brought  nearly  into  contact,  a  thin  strip  of  dates  onlj  inta^ 
Tcning.  These  slates  dip  to  Om  soatli-eaat  nndei  the  liiiMiham  rf 
Bulley  Barton  as  it  cnrrea  ronnd  by  Bow  Sll,  the  IpplefMB  Ib>- 
stone  dipping  against  them.  The  man  of  limeatone  wmch  pjotnta 
throogb  the  Trias  at  Compton,  together  witli  two  other  nnall  |i^ 
tmuons  at  Gallows  Gate,  connect  in  a  similar  manner  the  ^-■**" 
Umeetonc  with  that  of  the  Torquay  distriet ;  and  this,  again,  hn  ill 
deep-Bcatcd  connexion  rendered  probable  by  the  piotradiiig  w^ 
south-west  of  Deccombe.  The  limestone  of  En^  Keamnll  il 
manifestly  a  portion  of  that  of  Ogwdl,  scfaiated  onlr  hf  fli 
slates  thrown  up  by  the  fault  whiob  bonnda  the  OgweU  nanMi 
on  the  east,  as  are  likewise  the  smaller  mnaiea  of  Oonnatw,  TaA 
borough,  &a.,  which  oconpy  the  flmlted  ground  Kmttt  of  Hnrtitt 
BushoU. 

The  Torquay  limestone  need  not  detain  no,  as  it  ia  irdl  bwaa 
and  has  been  described  in  detail  in  a  nodal  pwar  I17  tt    '  -   "- 
Henry  Be  la  Bechef.     An  awtiitijMl  ua  ertSBmwnaM 
the  coast  at  Ucadfoot  Sands  bringa  up  '' 
contain  some  grit  beds,  TewmUe  aooie 
'Whitesand  Bay,  and  contain  many  of 
from  the  Looe  district — amimg  othsn,  PUwridtetytim  prohfemalitm^* 

parumyie,  BtUer^ihan  Unilaofw,  fte.  Is  fte  cliff  between  Mndtat 
•ands  and  tho  Thatcher  loek  two  fine  Miles  of  PhiOalepia  t&mm 
frtnu,  Ag.,  hare  been  ftmnd  t^  lir.  Peogwlly,  and  ore  now  in  bit 

•  Ih 

rooki  to  the  «Ht  of  ttie  tamplbnisd  «sn  net  CiiTiii-m«i>iiiKe  u  tbtj  h* 
•Dloarsd  on  our  mus. 
t  Itau.  QeoL  Soo.  2iid  Bv.  leL  liL  p.  ISl.  ^, 
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collection ;  and  a  scale  from  Meadfoot  is  figured  by  Prof.  Phillips 
(Pal.  Fos.  pi.  57.  f.  256),  and  referred  to  HoloptyMus,  which  has 
also,  judging  from  the  figure,  very  much  the  appearance  of  Fhil- 
loUpis, 

It  is  less  easy  to  ascertain  the  relations  of  the  limestones  to  the 
north  and  cast  of  Totnes,  although  there  is  no  reasonable  cause  for 
supposing  that  these  calcareous  masses  are  other  than  portions  of 
the  same  range  of  limestones.  This  arises  partly  frt)m  the  extreme 
difficulty  there  is  in  getting  reliable  evidence  respecting  the  dip  of 
the  bods,  as  much  of  the  limestone  exhibits  no  true  bedding,  and 
the  lamination  of  the  slates  cannot  always  be  relied  upon. 

The  limestones  do  not  afford  much  assistance.  It  is  frequently 
extremely  difficult  to  distinguish  the  bedding  from  the  often  very 
regular  joints  and  planes  of  cleavage ;  and  a  bed  of  fossiliferous  rock 
included  between  others  that  are  devoid  of  fossils  will  sometimes 
show  a  true  dip  quite  at  variance  from  the  apparent  one.  More- 
over the  limestones  are  sometimes  much  fractured  and  contorted ; 
and  in  that  case  very  littie  reliance  can  be  placed  upon  a  few  local 
observations,  which  may  j-ield  very  conflicting  results.  The  junk- 
Uke  termination  of  some  of  the  limestones  is  another  source  of  per- 
plexity, their  relation  to  the  slates  being  such  as  to  make  it  appear 
that,  in  the  movements  to  which  the  rocks  have  been  subjected,  the 
limestones  have  been,  as  it  were,  dislocated  from  the  slates,  so  that 
the  former  are  bounded  by  what  are  virtually  lines  of  fault. 

It  would  appear,  however,  that  higher  rocks,  which  occupy  a 
synclinal  trough  that  trends  up  from  Plymouth  Sound  by  Halberton 
to  the  vicinity  of  Totnes,  are  thrown  down  by  faults,  one  of  which 
runs  up  from  Sand  well  Park,  by  Whiteley  and  Colt,  to  the  Dart  south 
of  Dartington  House,  and  is  continued  thence  across  the  railway 
south  of  Forder  Bridge,  and  another,  skirting  the  limestone  of 
Boston,  is  continued  N.N.W.  towards  Bow  Barn.  The  result  of 
this  downthrow  has  been  to  push  the  southern  extremity  of  the 
Dartington  limestone  round  to  the  north-west,  and  the  Barton  and 
Bunker  Hill  limestone  to  the  eastward.  The  evidence  of  the  former 
fault  is  to  be  seen  in  proceeding  along  either  of  the  turnpike-roads 
from  Totnes  to  Skinners  Bridge.  We  there  find  similar  thick 
slates  to  those  which  occupy  the  country  between  Totnes  and  Ash- 
springton,  to  be  continued  nearly  to  Colt  with  a  south-easterly  dip ; 
but  at  Colt  the  dip  of  the  slates  conforms  to  that  of  the  overlying 
limestone  at  Skinners  Bridge,  and  is  to  the  north-west.  A  third 
fault  follows  the  bed  of  the  Dart  from  Totnes  to  the  south  of  Alla- 
beer — the  thick  slates  which  strike  up  to  the  river  at  right  angles  to 
the  stream  with  a  southerly  dip  abutting  against  thinly  laminated 
argillaceous  slates  which,  with  a  variable  dip  more  or  less  to  the 
eastward,  occupy  the  low  ground  on  the  opposite  bank,  near 
Weston.  This  fault  carries  the  country  on  the  east  of  the  Dart 
somewhat  to  the  southward.  Another  fieiult,  extending  from  Long- 
combe  Cross  to  True  Street,  bounds  the  limestone  of  Berry  Po- 
meroy  on  the  south.  The  limestone  dips  to  the  north,  while 
the  red  slates  on  the  south  of  it  dip  in  the  contrary  direction 
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under  tho  higher  limestone  of  Longoombe,  wliioh,  aMOciatod  whk 
some  volcanic  ash,  ranges  by  Great  Court  and  Howell  towards  ths 
limestone  of  Boston.  Other  &nlt8  exiat,  some  of  whidi  have  bem 
laid  down  on  the  map. 

This  faulting,  or  rather  the  foroe  which  prodaoed  it,  has  ao  eoa- 
torted  and  fractured  and,  as  already  stated,  so  dialooated  the  line- 
stones,  that  it  is  very  difficult  to  distingaish  in  thia  nei^bonriiood 
the  slates  which  were  anterior  from  those  which  were  poatnior  t§ 
the  period  of  the  limestone*. 

The  dip  of  the  Partington  limestone,  from  the  soatfa  of  Btawrii 
round  by  Skinners  Bridge  to  Vineyard,  is  inward  towards  Dartiagtaa 
House  as  a  centre.  In  the  quarries  at  the  two  last-named  loeahtiei 
the  bedding  is  more  than  usually  dear.  South  of  Daitingtoo,  hsv* 
ever,  tho  outer  edge  of  the  limestone  is  thrown  over  and  dips  to  Ik 
south-east.  The  two  limestone  masses  on  the  opposite  aide  of  Ik 
Dart,  the  one  west  of  Buckyatt,  the  other  west  <^  little  Hempstai 
are  the  continuations  of  the  Dartington  limestone  fitulted  oA  Ibe 
former  rests  on  volcanic  rock,  which  has  not  altered  it,  and  is  over* 
lain  by  slates  with  some  ash  bands  dipping  to  the  sooth  tmi 
These  rocks,  therefore,  are  above  the  limestone,  and  prasomsUf 
those  also  of  Dartington  House,  as  the  limestone  dips  towards  thea. 
The  other  mass  of  limestone,  west  of  Little  Hempston,  is  travwiei 
by  a  fault  along  its  line  of  strike,  which  is  continued  on  to  the  nifariy- 
cutting  below  Forder  Bridge.  This  fault  has  brought  some  Tdssafa 
rock  against  the  limestone  on  the  west,  while  the  slates  on  the  flMt 
of  the  limestone  dip  off  it  towards  Little  Hempston.  Soath-east  it 
the  village  there  is  another  faulted  strip  of  limestone,  the  nortfcsn 
portion  of  which  dips  to  the  south-east  at  a  high  angle,  while  As 
southern  half  in  the  quarry  and  railway-seotion  dips  norUi-west  to- 
wards the  church.  It  appears,  therefore,  Ihat  all  the  slatj  mh 
between  the  Buckyatt  limestone  and  that  of  Bunker's  Hill  and  Oats- 
combe  House  are  above  the  limestones ;  bat  it  is  not  elear  how  flMf 
end  to  the  north-east ;  there  are,  however,  some  appearanoes  of  a 
fault  running  north-west  and  sontii-east  by  Forder  Bridge ; 
dip  of  the  Fishacre  limestone,  which  appears  to  be  the 
of  that  west  of  Buckyatt,  is  reversed. 

The  mass  of  limestone  extending  from  Boston,  by  Bnnkei'ls  Hi^ 
to  Oatecombe  House,  appears  to  be  thrown  up  by  a  firolt;  taoittflt 
is  great  uncertainty  rospeoting  the  relations  of  the  slatea  es  As 
west  between  Bunker's  Hill  and  Beny  Ptomeroy,  the  dqp  of  ttl 
lamination  in  the  slate  being  often  quite  at  Tariaaee  witli  tte  hii» 
ding  of  the  limestone.  The  same  want  of  aooordaaoe  hi'jCwean  Al 
bedding  of  the  limestone  and  the  l^miiiatinin  of  the  dataa  is 
observed  at  Arton. 

The  lower  slates  and  limestones  are  again  farooi^iqptetta] 


*  Sir  Henry  De  k  Beohs  snpeus  to  hais  eonndsisd  tlmfc , 

may  hsfahiid"  their  MoIoaietfeoiiliBniilioneani^^  Il|| 


howerer,  to  lidl  into  ttiis  vSnr,  serina  ttat  ft»  Hwirfonw  «e  fcr  Ito 
dsfoid  ofdstrttd  msterialsi  sad  imii  aiiMr  tiMdb 
watm  itm  from  mnddj  mlmiwiia     Vmmp.  ^  7%, 
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face  between  Ash  and  Higher  Yalberton  on  the  north,  and  Sharkham 
Point,  near  Brixham,  on  the  south.  The  great  mass  of  limestone  of 
Berrj  Head,  which  stretches  inland  to  Walton,  and  of  which  the 
Yalberton  and  Stoke  Gabriel  limestones  are  but  detached  portions, 
forms  an  arch,  which  is  depressed  in  its  central  portions  between 
Walton  and  Fishcombe  Point :  while  its  southern  margin  is  thrown 
over  an  anticlinal  axis  at  Mudstone  Sands,  and  is  seen  at  Sharkham 
Point  and  Brixham  dipping  under  the  higher  beds  on  the  south,  its 
northern  edge,  between  Higher  Yalberton  and  the  coast,  is  doubled 
under  with  inverted  dip.  The  Stoke  Grabriel  limestone  is  thrown 
up  on  the  north-east  by  a  fault,  which  extends  from  the  viQage  by 
Howell  to  the  south-west  of  Ash,  and  has  brought  it  against  the 
higher  beds  which  range  up  from  Ashsprington.  On  the  north,  this 
limestone  dips  under  the  purple  slates  and  grits  of  Windmill  Hill, 
and  near  Higher  Yalberton  some  slates  are  troughed  in  a  fold  of 
the  limestone. 

A  long  narrow  anticlinal  axis  commencing  at  Yealmpton  ranges 
by  Broadway  and  Comworthy,  and  thence  to  Brixham,  where  at 
Mudstone  Sands  it  appears  to  be  again  narrowing  to  a  termination  ; 
and  a  second  anticlinal  axis  to  the  north  of  the  former  commences 
near  Ludbrook  and  runs,  by  the  north  of  Roster  Bridge  and  between 
Perchwood  and  Tuckenhay ,  to  the  south-east  of  Stoke  Gabriel.  These 
anticlinal  axes  have  brought  up  the  lower  slates  with  an  overthrow  to 
the  north.  If  we  follow  the  fine  of  strike  between  the  fossiliferous 
slates  and  the  base  of  the  overlying  limestone  from  Brixham  past 
Lupton  House  to  the  limestone  of  East  Comworthy,  and  thence  to 
Middle  Washburton  and  the  Avon  below  Broadly  and  the  north  of 
Modbury,  to  the  limestone  of  Palmer's  Cross,  which  is  clearly  on  the 
same  line  of  strike  as  that  on  the  south  side  of  the  anticlinal  axis  at 
Yealm  Bridge, — and  again  in  an  opposite  direction  through  Ermington 
and  the  limestone  of  Shilstone  to  the  Avon  at  Beckham,  and  thence 
back  by  Fowlescombe  to  Ludbrook,  and  again  from  Ludbrook  by 
North  Hewish,  Diptford,  Harberton  Ford,  and  Perchwood  to  the 
west  of  Stoke  Gabriel, — such  line  will  indicate  pretty  nearly  the 
limit  between  the  upper  and  lower  slates,  and  the  place  of  the  Tor- 
bay  limestones,  which,  however,  in  the  part  of  the  country  between 
Totnes  and  the  Yealm,  are  only  feebly  represented  at  a  few  points. 

The  limestone  at  Yealm  Bridge  is  partly  dolomitized.  It  forms 
the  crest  of  the  anticlinal  axis,  but  is  depressed  on  the  south  towards 
Torr.  On  the  north  it  is  underlain  by  a  bed  of  volcanic  rock,  fit)m 
off  which  it  has  been  partly  removed  by  denudation,  the  thinner 
edge  at  Eetley  and  the  small  patch  on  the  north  side  of  the  axis  at 
Yealm  Bridge  alone  remaining. 

There  still  remain  to  be  noticed  the  several  masses  of  Devonian 
limestone  which  protrude  through  the  Culm-measures  on  the  north- 
east of  the  Bovey  basin ;  but  there  is  no  apparent  reason  for  sepa- 
rating any  of  these  masses  from  those  of  Ogwell  and  Kings  KersweU. 
The  Chudleigh  limestone  has  been  already  noticed  when  describing 
the  Carbonaceous  rocks,  and  perhaps  from  its  position  it  might 
be  regarded  as  belonging  to  the  Ashburton  range ;  but  the  fossils 
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associate  it  rather  with  that  of  Ogwell.  The  slates  on  either  ride 
of  the  Teign  estuan'  are  Devonian,  and  apparently  they  rise  from 
l)eiioath  tho  limostouo ;  l)ut  there  is  much  difficultj'  in  ascertainini: 
this  with  certainty.  They  are  entirely  argillaceous,  and  in  part  red 
or  elaret-coloiired,  and  are  altered  by  the  igneous  rock  at  Culwjtv 
Cross,  which  seems  to  rest  upon  them. 

The  fossils  of  those  limestones  are  so  well  known  by  the  list*  of 
Phillips*,  (lod win- Austen t,  and  Sedgwick  and  Murchison^,  that  it 
is  not  nec(\ssarj'  to  enumerate  them  here.  In  the  subjoined  Table 
will  be  found  the  local  distribution  of  the  species  which  have  been 
hitherto  met  Avith  in  the  slates  which  inunediately  underlie  these 
upp(T  linujstones  of  the  south-east  of  Devon ;  but  it  is  very  far  from 
complete,  as  the  several  localities,  as  well  as  some  others  not  men- 
tioned, have  not  by  any  means  been  thoroughly  searched.  The 
species  iVom  the  viianity  of  East  and  West  Ogwell  are  given  on  the 
authority  of  Mr.  ( Jodwin- Austen  §  ;  the  rest  are  from  the  'Palieoxuio 
Fossils '  of  Professor  Phillips,  and  other  sources  Ij. 


Table  I. 

Speries  occurring/  in  the  hetls  hmnediatehf  hclow  the  Upper  South- 
Devon  Limestones, 


I 


Spoc'ies. 


Fnvnsites  (lubia,  lilainv 

-   —  -  (iliroMi,  (.u'hlf'^    

Alv(M»lit4»s  suhtirbiculnris,  E,  ^  H. 

IVtraia  (\lticii,  Ltmt^l 

l)l(*urir}idialis,  I'hiU. 


PloimKlictvuni  pniblomatioum,  Ooldf.  ...j 

( 'vat  liocrimis  meji^astyhw,  PhiU. \ 

piiinatiiH,  GoJdf. 

tiikIu1o«<ii8,  PhUl 

('lifirurus  articiilatiis,  ^iJt 

Ilonuilonotiw  elongatus,  Salt 

annatus.  Ihirmfi 

I'liacops  ^ramilatiis,  Miinsf 

})uiu*tatu.<4,  tSfein 

l.Tvis  Mihhst 


latifrons,  Bronn 

Foiu*st«'lla  antimia,  Lonad.  ... 

IIoinitr%|ia  o;'ulat«,  Phill 

R<'tt'i»ora  ropistnria,  GoMf..... 
Aih\Tis  it)ntH.'ntrit'a,  I'.  Buck 


•  •• 
« 


« 


... 
••• 


Localitios. 


J 

1 
a 


SI 


•  •  • 


J  L.  c.  p.  703. 


♦  Pal.  F<is.  J).  142.  t  L.  c.  p.  466. 

§  L.  c.  j».  -H'A. 

|!  ThiH  Tabli*  must  be  taken  in  connexion  with  Table  IIT,  which  girat  the  dii- 
tribiitioTi  of  opei'ie.s  in  the  correitponding  rockn  in  a  different  area,  and  to^tihar 
inohidi^,  I  lx*li<'Tc,  nil  tlie  rocorded  species  on  tills  horizon. 
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Species. 


Spirifera  undifera  et  var.  undulata,  Rctm, 

Iffivicosta,  Val.  

8peciosa,  Scklotk, 

disjuncta,  Sow. 


Spiriferina  cristata,  w.  octoplicata 

Khjnchonella  pleurodon,  PhiU, 

Atrypa  reticularis,  Linn 

PentameruH  breFirostris,  PhiU,  

Rhynchonella  cuboideH,  Sby 

Strophomena  rhomboidalis,  Wahl. 

Streptorhynchus  umbraculum,  Schloth..,, 

gigas,  M'Coy 

crenistria,  PhiU. 

Leptona  laticosta,  Conrad 
interstrialis,  PhiU. 


■••••••••••••••«••• 


Orthis  hipparionjx,  Vanttx. 

resupinata,  Mart 

granulosa,  PhiU. 

Chonetes  sordida,  PhiU 

simiradiata,  Sow 

Hardrensis,  PhiU. 


Ayiculopecten  polytrichus,  PhiU. 

Pterinea  anisobi,  PhUl. 

subradiata,  PhiU. 


Clidophorus  ovatus,  PhiU.  non  Sow. 

Modiola  scalaris,  PhiU , 

Pleurotomaria  aspera,  Sow.? 

Trochus  Boneii,  Stein 

Euomphalus  serpens,  PhiU. , 

Bellerophon  bisulcatus,  Bom.  , 

Poroellia  Woodwardii,  Sow 

striata 


Orthooeras  tentaculare,  PhiU 

Cyrtooeras  bdellalites,  PAt// 

Phillolepis  ooncentpious,  Ag 

Scale  of  HoloptjchiuB? 

Pteraspis  (Scaphaspis)  Comubicus,  M^Coy 
Cephalaspis?  Oarteri,  M^Coy 


HO 


« 
*7 


•  •• 

« 


Looalitieti 


n 


•  •  • 

•  •• 

•  •  • 


^ 


s 


Ik 


•  •  • 
*4 


« 
*? 

« 


« 
« 

« 


•  •• 


^  Murchison.  *  Salt.  Mon.  Pal.  Soo.  '  Pengelly.  ^  Davidson. 

^  Davidson,  in  Col.  Pongellii.  '  Salter.  '  Jermjn-Stireet  Museum. 

3.  Beds  overlying  the  Plymouth  and  Torhay  Limestones. — It  has 
been  already  stated  that  a  long  narrow  inclined  synclinfil  trough 
extends  from  Plymouth  Sound  to  Tor  Bay.  The  beds  contained  in 
this  trough  consist  of  argillaceous  slates  similar  to  those  which  un- 
derlie the  limestones  nortii  of  Devonport,  They  are  well  seen  on  the 
coast  at  Jenny  Cliff  Bay  between  Mount  Batten  and  Withy  Hedge, 
of  which  a  section  has  been  given  by  Prof.  Phillips*.  South  of 
Plimstock  and  Elburton  this  belt  of  rocks  widens  out  to  pass  on 


♦  Pal.  Fos.  p.  201,  Not.  3  to  6  inclusive. 
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both  sides  of  tho  Yenlmpton  limestone  :  and  it  contains  much 
blue  slat«\  and  ocrasioii.dly,  as  at  Gooswell,  some  calcareous  I 
Th«se  ])liic  slates  oceu])y  the  middle  of  the  troufi^h,  and  are  qii: 
near  lirixton  and  north  of  Ludbrook,  i\:c.  At  Harberton  the  ti 
deepens,  being  thrown  down  on  the  north  us  already  describe*] 
liijj:lier  bi'ds  (x'eupy  the  interval  between  this  place  and  the 
These  latter  consist  of  thick  slates  in  wliieh  much  volcanie  n: 
is  (liNseniiiiatcd.  interstra titled  with  bands  of  grit  :  and  for  the 
part  tlu'V  yield  a  red  soil.  Volcanic  rocks  arc  frequent ;  and  '.>) 
east  of  the  Dart  there  are  some  calcareous  bauds  a.s.sr>ciated 
them,  as  also  much  red  and  ]mrple  prit.  Good  sections  of 
nu  ks  are  to  he  se«*n  in  the  vicinity  of  Totnes  and  in  the  de?ice 
iJow  Ihi(l*;«»:  aiul  the  manner  in  which  they  have  been  lirought 
relation  with  the  limestones  of  Dartington,  lioston,  and  Berr}'  P' 
roy  has  been  already  cxphuued.  The  continuation  of  the?e  i 
across  the  Dart  is  somewhat  interrupted  by  the  upthrown  limt-j 
of  Stoke  (labriel.  and  by  the  southern  portion  of  the  Berry  Pore 
limestone,  which  is  similarly  thrown  up  at  Longeombo  Ci-oss. 

The  variegated  argillaceous  slates  (partly  claret-eoloured)  ^ 
form  the  lower  ixu'tion  of  this  upjier  grouj)  rest  upon  the  limest 
of  lierry  INnuemy,  A  rt  on,  Lo  vent  or,  and  Marldon  ;  and  imnudi' 
aliove  the  limestones  thev  are  occasionally  fossiliferoiis,  as  in  I 
J'ark  :  hut  they  have  viehled  little  that  can  be  detennine<i,  anr 
>]»ecies  do  not  a])])ear  to  differ  from  those  contained  in  the  slates  h 
tlie  lime.->lone>.  These  beds  dip  to  the  east  and  south-east,  and 
under  the  jairph*  and  greyish  grits  of  Blagdon  Cross,  Beacon  " 
()(kham,  and  Cockington;  while  the  bwls  thrown  off  the  I* 
(Jahriel  and  Valbertou  limestones  dip  to  the  north  under  the  gri 
Windmill  Hill  and  Collaton,  thus  forming  a  shallow  basin  whi« 
occu]»i((l  by  the  Triassic  rocks  of  Painton.  Much  of  the  red  ci 
appears  to  be  due  to  the  action  of  the  atmosphere  upon  the  I 
contained  in  the  rock,  and  beds  which  are  light-colourbd  often  ] 
a  red  soil ;  but  the  Idue  slate  appears  especially  liable  to  \hx 
elaret-coloured. 

The  idcks  thrown  off  on  the  south  of  the  anticlinal  axis  exteii 
from  Mudstone  Jiay  to  Yealmpton  are  precisely  similar  to  the  1< 
beds  contained  in  the  above-mentioned  synclinal  trough,  and  coi 
of  grey  and  dark -blue  argillaceous  slates,  the  latter  often  change 
a  i)ur]»lish  or  red  colour.  These  rocks  are  well  seen  in  tho  raili? 
se<'tions  east  of  dreenway  House,  where  they  contain  some  b« 
ash.  Tiom  (ireenway  they  are  continued  by  Bitshani  and  Coi 
where  ihey  ha\e  been  <juarried  for  slates,  and  by  New  House,  or 
Avon,  to  Modbury,  and  thence  south  of  the  Yealmpton  limestox 
Staddiscombe,  near  Plimstock,  and  to  the  coast  at  Withy  Hedg 
Plvnmuth  Sound.  Above  these  are  beds  of  slate,  much  of  whic 
reddish.  c(»ntaining  bands  of  grey,  yellowish,  or  puq>lc  grit.  T 
grits,  apparently,  do  not  foim  continuous  beds  ;  at  least  they  cai 
be  folhiwed  ma!iy  miles  on  their  line  of  strike.  The  following  sec 
i**  seen  on  the  Torcjuay  and  Dartmouth  railway  between  the  tu 
at  (iri  enw!iy  Farm,  south  of  Gidniptou,  and  the  station  at  Eings^ 
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Section  from  the  Tunnel  at  Oreenway  House  to  Kingswear. 

Feet. 

1.  Yolcanic  aah  resting  on  grey  glossy  slates  sparingly  fossiliferous    .     . 

2.  Grey  and  bluish-grey  slates  (corresponding  to  viaduct) 

3.  Purplish  and  greenish  evenly  laminated  glossy  slates.    Dip  S.  30^ 

E.  at  26° 200 

Crush  and  contortion — perhaps  a  line  of  fault. 

4.  Purplish  and  greenish  glossy  slates.    Dip.  S.  30°  E.  at  35°  to  40°.     .  160 

5.  The  same,  disturbed,  and  not  truly  in  situ 160 

6.  Interval  covered  with  vegetation — apparently  slates  with  erit  bands    .  550 

7.  Red  and  greenish  flags  and  grits,  partly  thick-bedded.     Dip  S.  20°  E.  .  250 

8.  The  same,  not  in  situ 90 

9.  Red  and  greenish   flags  and   slates  with   thick   beds  of  sandstone. 

Dip  S.  20°  E.  at  35° 300 

10.  The  same,  tumbled  about  and  not  seen  ?n  siYu 400 

11.  Red  and  greenish  grey  slates  and  grits,  greatly  folded  and  contorted  .  260 

12.  Red  slates  and  flaggy  sandstones 60 

13.  Light-coloured  and  reddish  slate 140 

14.  Reddish  and  brownish  slates,  with  beds  of  sandstone  much  contorted 

and  folded,  the  general  dip  being  southerly  at  about  15°  ....     470 
15.*  Hard,  coarse,  and  often  reddish  slate.     Dip  S.  20°  E.  at  60°,  about    .    350 

Viaduct. 

16.  Soft  grey  slates.    Dip  S.  20°  E.  at  50° 180 

Viaduct. 
IT.  Light-grey  slates,  with  numerous  small  quartz  veins.    Dip  S.  30°  E. 

at  35° 1240 

18.  Grey  evenly  bedded  slates,  dipping  at  an  angle  of  45°  (opposite  em- 

bankment)       370 

*•  Floating  Bridge." 

19.  Light-grey  slat-es.    Dip  S.  30°  E.  at  25°  to  35° 100 

20.  Volcanic  ash 56 

21.  Soft  greenish  slates 90 

22.  Blue  slates.     Dip  S.  30°  E.  at  30°  (opposite  embankment)   ....  160 

Fault 

23.  Grey  slates 110 

24.  Quartz  vein 4 

25.  Slates,  chiefly  bluish  grey,  much  veined  with  quartz.     Dip  S.  40°  E.  at 

45°,  but  undulating  and  wavy 360 

26.  Grey  thick-bedded  sandstone.     Dip  S.  30°  E.  at  30° *90 

27.  Blue,  grey,  and  purple  slates,  with  purple  and  grey  grits,  much  undu- 

lat^  and  contorted.     General  dip  S.  30°  E.  at  angles  varying  from 

12°  to  45°  (opposite  embankment),  about 200 

28.  Hard  grey  and  bluish  slates,  sometimes  reddened;  somewhat  glossy  and 

micaceous  on  tlie  surface,  and  much  veined  with  small  quartz  vein.% 
and  occasionally  including  thin  bands  of  grit.    Dip  S.  2CP  E.  at  45°, 

about 1200 

Bridge. 

29.  Hard  reddish  slightly  micaceous  slates  with  a  few  calcareous  seams. 

Encrinites.     Dip  S.  20^  E.  at  from  35°  to  45° 260 

Kingswear  Railway  Station. 

These  gritty  bands  come  to  the  coast  at  Man  Sands  and  Scabba- 
combe  Bay.  If  we  follow  the  arenaceous  rocks  on  the  north  of  the 
**  Floating  Bridge  "  to  the  westward  we  find  them  to  range  by  Little 
Combe,  and  by  Tidaford  and  Woolcombe  to  CoUaton,  Morleigh 
Down,  Black  Down,  and  Lee  Moor,  and  then  to  curve  south-west 
by  Stubston,  Sherlangston  and  Torr,  to  near  the  mouth  of  the  Erme. 

*  The  above  figures  refer  to  the  distances  along  the  railway,  measured  by  the 
intervals  between  the  sleepers,  which  waa  10  feet,  and  not  to  actual  thicknesses. 
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.>p  If  in  like  manner  we  follow  the  more  Bouthem  belt  of  aroiiAoe 

%  rocks  from  the  north  of  Kingswear,  we  find  purple  and  grey  g 

\'\  south  of  Ditsham  Cross  at  Bugford  and  south  of  Blackauton ;  i 

i|!!  I  hard  reddish  slates,  similar  to  those  at  Kingswear,  oocur  on  the  » 

line  of  strike  at  Loddeswell  and  Hatch  Bridge;  and  with  tl 
slaty  and  arenaceous  beds  are  associated  some  bands  of  a  pecu 
Tolcanic  rock  consisting  of  felspar  and  a  foliated  greenish  i 
neral  resembling  chlorite.  These  two  belts  of  rock,  therefore, 
come  separated,  west  of  the  Avon,  by  argiUaceoua  slates  wl 
occupy  the  country  between  Heathfield  and  Aveton  Griffard,  and 
twecii  Kingston  and  the  mouth  of  the  Avon ;  and  as  they  dip  on 
the  beds  which  strike  up  from  Loddiswell  and  East  Allington 
Aveton  Giffard  and  Bigbury,  we  must  presume  that  they  are  lo^ 
beds  brought  up ;  but  in  what  manner  is  not  very  dear.  With 
grit-beds  which  strike  down  to  the  mouth  of  the  Erme  from  Hea 
field  Down  there  is  some  rock  composed  of  quartz  and  felspar ; 
I  did  not  meet  with  this  rock  in  sittu  although  heaps  of  it  ii 
lying  by  the  roadsides,  and  I  was  unable,  therefore,  to  ascertaii 
character  or  relations;  but  the  rocks  on  the  east  of  this  ban< 
quarts  and  felspar  at  Bednick,  Broom  Hill,  and  Wakeham 
south  towards  a  mass  of  igneous  rock,  which  at  the  quarry  at 
eastern  extremity  of  the  mass  appeared  to  be  a  bedded  rock,  dipj 
south  and  graduating  upwards  into  the  slates  above.  The  Tariegi 
argillaceous  slates,  which  underlie  the  grits  of  Black  Down  and 
Moor,  widen  out  as  they  trend  round  by  Modbury,  and  wit 
lessened  angle  of  dip,  and  probably  some  undulation,  range  by  I 
berton  towards  Newton  Ferrers,  and  occupy  the  whole  of  the  coui 
between  the  Yealmpton  limestone  and  the  coast.  It  would  ak 
appear,  therefore,  that  some  line  of  fracture  extends  up  from  i 
the  mouth  of  the  Erme  towards  Heathfield  Down,  and  has  cat 
part  of  the  belt  of  arenaceous  rocks  which  ranges  up  from  Morli 
Down  and  I^ee  Moor  on  the  east. 

It  is  difficult  to  bring  the  argillaceous  rocks  on  the  east  of 
Yealm  satisfactorily  into  connexion  with  those  on  the  west  of 
river,  without  supposing  a  line  of  fault  to  run  up  the  stream  f 
the  coast  south  of  Worswell.  The  beds  which  range  down  from 
8outh  of  Holberton  appear  to  run  out  to  sea  at  Stoke  Point,  and 
grits  which  strike  down  to  Erme  mouth  were  not  met  with  agaii 
the  cast  of  the  Yealm.  Light-coloured  grits,  however,  occur  in 
hill  north  of  Knighton  ;  but  it  is  not  certain  that  they  are  a  oo 
nuation  of  those  of  Staddon  Point>  although  only  grey  and  blue  a 
was  met  with  between  the  grit  at  Knighton  and  the  limestone 
Plymstock,  without  any  appearance  of  the  red  grits  of  Staddon  Pc 
These  grey  and  blue  slates  strike  up  from  across  theTealm  sc 
of  Kitley  Park,  and  from  the  north  of  Brixton,  and  appear  on 
I  shores  of  Plymouth  Sound  between  the  Umestone  and  Withy  He 

and  contain  some  calcareous  bands,  especially  near  Oooswell.   To 
<;| ;  south  of  these  are  the  red  grits  and  slates  of  Staddon  Point,  wl 

range  inland  to  the  south  of  Staddiscombe  *,  and,  if  continuous  y 

*  No.  6  in  Prof.  Phillips'i  section,  A  r.  p.  201. 
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the  grits  of  Knighton,  must  curve  round  to  the  south-east ;  but  if  they 
do  BO,  the  dips  in  the  argillaceous  rocks  of  Down  Thomas  and  Longdou 
must  be  deceptive.  The  red  grits  of  Staddon  Point  are  much  folded, 
and  some  of  the  beds  inverted,  but  the  general  dip  is  southerly ;  and 
above  them  are  the  grey  and  bluish  slates,  with  thin  grej  grits,  of 
Bovey  Sand  Bay ;  and  these  are  succeeded  by  reddish  slates,  partly 
argillaceous  and  partly  hard  and  micaceous,  like  those  of  Kings- 
wear.  The  general  appearance  of  these  rocks  along  the  shore  of 
Plymouth  Sound  reminds  one  of  the  section  on  the  Dart  river. 

These  rocks  are  continued  across  Pl3rmouth  Sound  without  any 
material  variation.  The  argillaceous  slates  which  overlie  the  lime- 
stone at  Mount  Edgecombe  correspond  to  those  of  Jenny  Cliff  Bay, 
but  west  of  Millbrook  they  become  interstratified  with  bands  of  grit. 
Eed  arenaceous  rocks  like  those  of  Staddon  Point  succeed  these  at 
Marker  Church,  and  are  continued  southward  as  £ar  as  the  Barracks, 
where  a  mass  of  reddish  felspathic  rock  *  separates  these  grits  from 
the  grey  slates  of  Kingsand  and  Cawsand.  This  mass  of  igneous 
rock  appears  to  have  carried  the  grits  somewliat  to  the  north  of  the 
general  line  of  strike ;  but  the  latter  are  not  continued  across  the 
promontory  to  Whitesand  Bay  in  exactly  the  same  mineral  condition, 
their  place  on  the  coast  being  occupied  by  coarse  slates  with  thin 
grit-bands.  The  rocks  of  Kingsand  and  Cawsand  are  similar  to 
those  of  Bovey  Sand  Bay  ;  and  similar  rocks,  sometimes  reddened, 
are  continued  to  Penlee  Point  and  the  Rame  Head.  The  dips 
are  all  southerly,  at  angles  varying  from  35°  to  45°  or  more. 

Returning  to  the  Kingsbridge  promontory,  we  find  coarse  reddish 
slightly  micaceous  slates,  similar  to  those  of  Kingswear,  extending  all 
along  the  shores  of  Start  Bay,  from  the  mouth  of  the  Dart  to  Slapton 
Bridge,  dipping  southerly  at  angles  varying  from  30°  to  60°  or 
more.  On  the  west,  on  the  other  hand,  soft  argillaceous  grey, 
blue,  or  purple  slates  occupy  the  whole  of  the  distance  between  Avo- 
ton  Giffard  and  the  metamorphic  rocks  at  Hope.  At  Aveton  Giffard 
there  are  some  blue  and  green  evenly  laminated  slates,  the  laminsB 
of  which  dip  S.  20°  E.  at  70°  or  80° ;  and  to  the  south  of  those 
a  long  belt  of  argillaceous  rocks,  apparently  an  anticlinal  axis,  which 
includes  a  band  of  similar  roofing- slates,  ranges  about  N.  10°  JB.  from 
the  coast  between  Bigmore  and  the  mouth  of  the  Avon,  past  Church- 
stow,  to  Buckland  Tout-Saints  and  Nethertou,  and  thenoe  towards 
Coles  Cross  and  Heathfield.  In  an  opposite  direction  coarse  reddish 
slates,  mingled  with  others  that  are  more  argillaceous,  but  for  the 
most  part  red,  trend  westward  from  the  north  of  Slapton  by  Hart- 
ston,  to  the  grit  beds  of  Marlston,  north  of  Sherford,  and  thenoe  to 
Kingsbridge.  All  these  beds  dip  to  the  south  at  high  angles ;  but 
along  a  line  extending  from  Hurleston  by  the  north  of  Charleton  and 
Stokenham  to  Slapton  Sands  the  dip  becomes  reversed,  and  the  beds 
rise  to  the  south ;  and  with  them  a  band  of  dark  bluish-grey  roof- 
ing-slate, similar  to  that  of  Buckland  Tout-Saints,  and  NeUierton, 
which  crops  out  along  a  parallel  b'ne  crossing  the  Kingsbridge  inlet 
south  of  Charleston,  and  strikes  thence  by  Erogmore  to  the  south 

*  Apparently  iniruBiTe. 
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wards  of  20,000  feet  for  the  relatively  small  portion  of  the  South- 
Devon  series  which  overlies  the  Torbay  limestones, — an  estimate 
which  would  be  beyond  all  probability. 

This  higher  group  of  rocks  is  only  very  sparingly  fossiliferous.  A 
few  fossils  are  stated  to  have  been  found  in  the  cli£&  of  Pl3rmouth 
Sound  ;  and  Encrinites  occur  in  the  calcareous  seams  at  Kingswear. 
Mr.  Pengelly  has  seen  traces  of  them  in  Scabbacombe  Bay  and  at 
Beeson  Cellers,  near  Torr  Cross ;  but  these  remains  are  in  such  a 
wretched  condition  that,  with  the  exception  of  Petraia  Celtica, 
Lonsd.,  I  am  not  aware  that  any  of  them  have  been  determined. 

IV.  Metamorphic  Rocks  op  the  Salcombe  district. 

These  rocks  consist  chiefly  of  mica-slate  and  of  a  mixture  of  gra- 
nular quartz  with  a  mineral  allied  to  chlorite,  and  have  been  fully 
described  by  the  late  Sir  Henry  de  la  Beche  in  his  *  Report  of  the 
Geology  of  Devon  and  Cornwall '  ♦,  and  by  the  authors  of  the  *  De- 
vonian System,'  in  the  memoir  already  quoted  t,  to  which  reference 
must  be  made  for  mineral  details.     As  observed  by  the  latter  au- 
thors, mica-slate  prevails  most  towards  the  south,  and  the  ohloritic 
rocks  towards  the  north ;  but  the  different  varieties  are  so  com- 
mingled that  they  cannot  be  separated  into  two  formations  t*     Al- 
though greatly  undulated  and  contorted,  they  have  a  general  dip 
towards  the  argillaceous-slate  system  on  the  north,  which  has  like- 
wise a  uortheru  dip ;  but  the  actual  contact  is  nowhere  seen,  and  the 
manner  in  which  the  altered  and  unaltered  rocks  are  brought  into 
apposition  is  somewhat  obscure.     The  argillaceous  rocks  are  high  up 
in  the  Devonian  system  ;  nevertheless  no  clear  evidence  of  a  line  of 
fault  between  them  and  the  metamorphic  rocks  has  been  observed. 
Assuming  that  the  latter  belong  to  some  earlier  epoch,  it  is  possible, 
perhaps,  that  they  may  have  been  thrust  up  from  below,  break- 
ing (jhrough  all  the  lower  beds  of  the  Devonian  series,  while  they 
carried  up  and  threw  off  to  the  northward  the  higher  beds  of  the 
Kingsbri^ge  district.     Such  an  hypothesis  is  quite  consistent  with 
what  we  know  of  the  general  relations  of  the  slaty  rocks  of  South 
Devon,  and  may  assist  in  explaining  the  relative  positions  of  the 
beds,  as  the  metamorphic  rocks  might  then  have  formed  a  counter- 
force  to  that  which  brought  up  the  granite  of  Dartmoor,  and  have 
contributed  to  the  production  of  those  long  narrow  anticlinal  and 
synclinal  folds  into  which  the  intervening  slaty  rocks  have  been 
thrown.     At  the  same  time,  it  must  be  observed,  these  altered  rocks 
of  Start  Point  and  the  Bolt  have  not  a  very  ancient  aspect,  and  the 
dark -blue  slates  of  Hopes  Cove  exhibit  that  minute  crumpling  and 
abundant  intersection  with  veins  of  red  and  white  quartz  so  fre- 
quently observed  in  slate  rocks  at  the  point  of  commencing  metamor- 
phism.     Moreover  the  rocks  appear  on  the  whole  to  be  more  highly 
crystalline,  and  the  effects  of  metamorphic  action  seem  to  increase 
progressively,  as  we  proceed  towards  the  south ;  and  it  appears  to 
me  more  probable  tiiat  these  micaceous  and  chloritic  rocks  are 
altered  depositions  of  Devonian  age,  mantling  over  a  granitic  masa, 
*  P.  27.  t  Pp.  668  and  661.  %  L.  c,  p.  669. 


like  that  of  Dartmoor,  mora  de^y  wtod.  13m  ^rnamfial  «&*■ 
the  elate  rocks  which  ocoamr  the  inteml  betmen  SslocnlwiflAlb 
Dartmoor  granite  at  South  Brmt  and  It;  Bridge  woold  atiU  he  biA 
the  same,  bh  there  is  pretty  good  evidoioe  to  ahoir  that  aS  thM 
great  granitic  masses  of  Devon  and  Comwall  belmg  to  one  epMb*, 
and  have  been  the  direct  oftuae  whioh  haa  brought  the  ahty  wfa 
into  their  present  portion. 

V.  Geinitb  op  Daktkoos  urs  of  Baonr  Wiu-x  (Cambmb*^ 

The  Dartmoor  granite  faaa  been  alao  fliUy  deMsibed  by  Sir  Mmtj 
De  la  Bcche  f,  Sir  Roderick  liorohiaon  and  Prof.  Bedgwickt,  Xr. 
Godwin- Austen  §,  and  other  writers  of  earlier  date.  It  will  be  nf- 
ficient,  therefore,  for  my  present  porpoae  merely  to  reatate  tiisvrii- 
tions  these  masses  bear  to  the  snrroonding  rodca,  in  order  tbat  tkdr 
influence  in  bringing  about  the  general  diapoaition  <^  the  latta^ 
above  described,  may  not  be  oreriooked. 

The  Dartmoor  granite  has  preeeed  the  Colm-measmras  t»  thi 
northward,  bringing  the  beds  into  seariy  vertieal  pocitioiia.  On  At 
east,  between  Dunsford  and  Borey  Traoey,  it  haa  bvoken  thrao^  At 
beds,  which  range  up  to  it  more  or  Ibbb  at  right  ""glfff  to  ita  ™Tp"| 
and  the  volcanic  rocks  intersbstified  witii  than  ara  altered  and  nt- 
dered  crj-stalline.  South  of  Bovey  Tiaoey,  faowevor,  and  tbait 
to  Skeriton,  the  granite  throws  the  Cnlm-meamres  off  to  the  aoatk- 
east.  At  its  southern  extremity,  noar  Ivy  Bridge,  it  haa  brate 
through  the  Devonian  rooks ;  but  around  Ccttuwood  tlie  latter  Eotm  a 
shallow  basin  between  the  granite  at  Harflsd  and  the  oAMandbf 
protruding  mass  of  Crown  Hill  Down.  Weitwaid  of  CbMrn  HB 
Down,  and,  in  fact,  along  the  whole  aoadi-weatem  border  of  Du^ 
moor,  as  far  as  Heavy,  the  granite  faaa  bn^oi  throo^  tba  htt- 
ding,  which  trends  up  to  ita  edge ;  bnt  tfaenoa  northwrnraa,  alaaitk 
Bridestow,  the  beds  dip  away  fnnn  the  granite  at  for  the  Boat  pal 
low  angles,  and  occasioiially  they  are  needy  horiioitil,  aa  i>  tta 
neighbourhood  of  Pet«rtavy, 

The  granite  of  the  Camelford  Hilli  throwi  off  tho  beds  to  tba 
south,  which  dip  at  moderate  asglaa  towards  Liskcard.  On  llu 
north  it  has  carried  the  beds  whieh  range  up  ftom  the  north  of  Uing- 
ston  Down  to  the  north-eaat,  and  beds  on  the  same  geological  bori- 
Eon  dip  off  the  granite  on  the  weet  at  toletahly  high  angles.  Lowtr 
beds,  however,  ore  brongfat  up  on  the  east  and  north-west  of  tha 
granite.  Those  on  the  eaat  dip  away  ftom  its  margin  aoniewhat. 
irregularly;  those  on  the  north-weat  stntoh  anay  towards  Osdati 
Barrow,  throwing  off  hl^ier  beds  to  Ihe  narth>«uBt  and  wcet. 

The  rocka  contignoaB  to  the  granite  are  altered  by  it ;  ood  Af 
resulting  metamorphic  rook,  at  ooon^  miaa  with  the  original  ««- 
etitntion  of  the  rock  aeted  iqioo.  Gennal^flieefl^teare  veryliMUs 
at  a  distance  ot  a  qnarter  of  a  ndlo  fion  iti  margiii :  but  it  txleiA- 
further  where  the  beda  dip  off  tnm  Hm  gntBite  than  whim  Ihe^ 

•  8m  alM  on  this  point  Btdffwkk  aad  MnnfaiMk.  L  e.  p.  Cttt,  and  Dtl 
Baobs,  B«p.  p.  166. 
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trend  up  to  it,  for  obvious  reasons ;  and  it  varies  also  with  the  rela- 
tive fusibility  of  the  rock,  the  volcanic  rocks  being  the  first  to  exhibit 
any  alteration,  which  they  do  by  becoming  crystalline  and  altered 
in  the  arrangement  of  their  elements,  as  near  Petertavy  and  on  the 
east  of  Dartmoor.  Among  the  Culm -measures  the  resultant  meta- 
morphic  rock  is  commonly  either  a  minutely  crystallized  black  schorl- 
rock  of  uniform  texture,  or  a  mixture  of  this  with  semivitnfied  grit 
in  alternating  layers,  or  a  uniform  mixture  of  small  schorl-crystals 
and  quartz-grains.  Some  of  the  rocks,  however,  are  rendered  mica- 
ceous ;  and  among  the  older  rocks  this  result  is  the  more  common 
effect ;  but  occasionally  crystals  of  chiastolite,  more  or  less  perfectly 
developed,  appear  in  the  slates,  as  on  the  north  of  Ivy  Bridge.  None 
of  these  altered  rocks,  however,  exhibit  a  high  degree  of  metamor- 
phism,  but  the  contrary ;  and  we  pass  abruptly  fipom  these  slightly 
altered  rocks  to  highly  crystallized  coarse-grained  granite,  without 
any  intervening  rocks  which  would  indicate  a  gradation  from  the  un- 
altered Carbonaceous  and  Devonian  rocks  into  the  granite.  The 
truly  igneous  character  of  these  granitic  masses  is  therefore  as  clearly 
shown  as  any  geological  phenomenon  can  be  ;  and  around  the  margin 
of  the  moor  the  granite  has  thrown  out  veins,  both  large  and  small, 
into  the  adjacent  rocks.  Whether  the  elvans,  which  at  Blisland  and 
St.  Neots  also  appear  to  have  emanated  from  the  molten  mass, 
really  did  so  or  not,  we  need  not  stop  to  inquire. 

YI.  GENE1U.L  Remarks. 

It  follows  from  what  has  been  stated  that  neither  the  highest  nor 
the  lowest  portion  of  the  Devonian  system,  as  seen  in  North  Devon, 
occurs  on  the  south  side  of  the  Culm-measures,  and  that  the  slate 
rocks  which  pass  under  the  Carbonaceous  series  on  the  north  are  not 
the  same  as  those  that  rise  from  beneath  them  on  the  south.  Thero 
is,  no  doubt,  a  good  deal  of  similarity  between  them,  as  there  is  be- 
tween much  of  the  slaty  rocks  of  Devonshire ;  and  this,  together  with 
the  fact  that  both  are  locally  fossiliferous  and  contain  some  organic  re- 
mains in  common,hasled  to  the  inference  that  the  opposite  sides  of  the 
trough  are  symmetrical.  So  far  as  the  Culm-measures  are  concerned, 
this  appears  to  be  the  case  ;  and  although  the  local  admixture  of  vol- 
canic material  may  have  somewhat  augmented  the  thickness  of  these 
beds  in  the  south,  the  small  patches  of  limestone  at  a  certain  distance 
from  the  base  of  the  series,  both  in  the  north  and  in  the  south,  ap- 
pear to  indicate  a  well-marked  horizon  on  which  there  existed  a 
change  of  conditions ;  and  hence  the  subdivision  of  the  Carbonaceous 
system  by  Sedgwick  and  Murchison  into  a  lower  and  an  upper  series 
is  a  natural  one  *.  But  in  the  south  there  is  complete  unconform- 
ability  between  the  base  of  the  Culm-measures  and  the  underlying 
Devonian  rocks.  If  we  follow  the  southern  range  of  Culm-measure 
limestones  from  Launceston  eastward,  round  the  margin  of  the  Dart- 
moor granite,  by  Bridestow  to  Drewsteignton,  and  thence  to  the 
north  of  Ihmsford,  we  find  that  the  interbedded  volcanic  rocks  be- 
tween Dunsford  and  Chudleigh  correspond  in  their  relative  position, 

*  L.C,  p.  670. 
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Bs  r^^rds  both  the  range  iif  liiiimliiiiiii  ■iirt  tliii  Iwm  iif  llm  iiiiWiiiM 
with  the  Bunilar  Tolctmic  rooks  cf  the  &mt  lor  diatriot.  Itea  ■ 
more  grit,  perhaps,  on  theeutode  of  the  Dsrtmoor  gmiito  flunn 
the  vast,  though  even  this  may  be  qneationed;  bat  in  the  abimdaBMrf 
obert-beds,  and  in  their  general  potrtdogieal  aspect,  they  ■>•  jiiuMMly 
eimilar.  Now  the  base  of  these  lower  Calm-meaaarai  dfoM  not  am7- 
where  rest  on  the  same  part  of  the  onderljing  Deronian  locka.  iW 
beds  which  nuderlio  them  at  Penter's  Croa  and  Whitechunfa  Dm 
are  considerably  lower  than  those  on  which  they  rest  at  PetiMnrin  mi 
Trewen ;  while  on  the  east  they  lie  direotly  on  the  deondedi  * 
of  the  Torbay  limestones,  whioh  are  probably  mwe  than  two  d 
feet  higher  in  the  series ;  and  if  the  Calm-meamrea  of  the  ndsitaa 
and  Holne  district  arc  not,  as  I  belieTe,t»oiight  into  OotftaetwiUi  A* 
older  rocks  by  faults,  then  they  rest  on  soeoeasiTehr  lower  and  lenr 
beds  as  weposBfromBickington  toBkeritan,nearDeanChiu^.  Vm 
has  this  want  of  conformsbility  altogether  escaped  ohaemlaon;  fivit 
is  noticed  by  Prof.  Sedgwick  as  oocnrring  "  near  lAonceatim'**,  aad  fa 
Godwin-Auaten  in  the  Newton  Bushelldisttictt.  Ae  alnady  itatoi 
on  the  west  of  Dartmoor  the  great  ondnlationB  into  which  the^ 
thrust  of  the  granite  has  thrown  the  beds  has  affeoted  both  qrnhBi; 
but  ncvertheloea  the  minor  contortions  and  ommplings  ot  tiiabiglM 
series  have  no  relationship  to  those  of  the  lower,  and,  xoonaiu, 
the  angles  at  which  the  beds  of  the  two  formations  rest  are  oonUMB^ 
altogether  different.  Now  this  nnconformability  on  the  aouthein  mit 
of  the  Culm  trough  is  eo  considerable  that  it  throws  doubt  npon  Ihl 
reality  of  the  apparent  regular  succenion  on  the  north,  and  bsdi  Is 
the  suspicion  that  the  oonformability  whioh  is  there  roppcaud  to  eiMt 
may  be  more  apparent  than  real.  The  late  Hr.  llwinaa  Wai 
did  not,  in  bet,  consider  the  Gnlm-measarea  to  leat  i  ~ 
the  underlying  rocks;  forheaaya,  "The  WareUite  a 
stone  (7),  and  cnlmifiBroin  ahalea  (8),  thao^  qipazentk  in  mM 
places  in  parallel  (confbnnable)  position  witik  the  TiiloUto  abto} 
(6),  do,  when  thoroughly  examined  upon  the  line  of  outcrop  in  ttk 
district,  form  a  break  with  No.  6,  and  are  aneonformnblo  thereto  "^ 
That  there  is  some  difficult  in  detecting  any  wont  of  conformabitivr 
is  due  to  the  similarity  in  i^ipearanee  of  tba  eluty  rocks  of  the  m 
aeries  and  the  absence  ni  thoM  intnatiatifled  beds  of  voloamo  adl 
whioh  are  so  serviceable  in  ^"'■Wi'^g  ns  to  fi^w  the  linos  of  BtrilM 
in  the  south.  But  if ,  as  I  believe,  the  Culn-BU-'aHarpH  hare  been  UU 
down  on  the  denuded  sut&oe  (tf  the  older  roek%  tht^  thoro  isafarok 
in  the  sequence  and  a  lapae  of  time  to  be  aenmiited  for. 

It  is  obvious  that  the  tne  poaition  of  the  Flymouth  and  Tur)^ 
limestones  in  the  general  maaa  of  the  Sonth-Dovon  rocks  is  a  man 
of  great  importanoe  to  the  ooReot  intarpretation  of  the  Btruoturu 
the  oountcy.  Looking  at  the  map,  dta  fpurtion  mi^ht  suggcisi  itsMI 
whether  or  not  the  limflBtOMB  •whii^h  nnga  by  Bickiai^D  and  Asbr 
burton  to  Dean  Prior  tni^  not  be  dta  same  as  those  of  Ogw^ 
Ipplepen,  and  Dartington,  thrown  onr  a  broad  aiidrlinal  axis  of  tfaq 
■  Prae.  Oeol.  Soo.  toL  U,  p.  OBI.  t  £.p.jp.  4DS.  [  /.  c.  Uw  Piltna  mmm, 
I  " OMloginl  Relation* of  Kntb Dttca,''»oe.  Osol ,  SkK.  rtrf.  U~Sb^t_ 
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lower  Blate8  to  the  north-west.  This  view,  no  doubt,  wonld  have 
the  merit  of  simplifying  the  structure  of  the  country  south  of 
the  Culm -measures,  inasmuch  as  it  would  bring  the  limestones  of 
South  Petherwin,  Padstow,  the  Looe  river,  and  St.  Germans  into 
relation  with  those  of  Plymouth  and  Torbay  on  one  horizon ;  and, 
as  will  be  shown  hereafter,  although  the  distribution  of  organic  life 
in  these  rocks  is  very  irregular  and  often  local,  nevertheless  palae- 
ontological  records  would  not  altogether  discountenance  it.  But 
however  plausible  this  interpretation  may  appear  at  first  sight,  all 
the  direct  evidence  obtainable,  as  already  stated,  is  entirely  against 
it :  and  whether  we  cross  the  country  from  Bickington  by  Hobbin 
Wood  to  Chircombe  Bridge,  or  from  Ashburton  by  Woodland  to 
Torbryan,  or,  further  to  the  south,  from  the  granite  by  South  Brent 
to  Black  Hall,  near  North  Hcwish,  we  appear  to  have  a  clear  up- 
ward succession  of  the  beds ;  and  in  the  two  or  three  instances  in 
which  the  volcanic  rocks  were  observed  to  have  exerted  any  influence 
on  the  contiguous  slates,  it  was  on  the  Ashburton  side  only  *. 

There  is  equal  difficulty  in  regarding  the  Plymouth  limestone  as 
the  same  as  those  of  Milladon  and  the  Looe  river,  brought  up  to 
the  surface  by  an  anticlinal  axis  with  the  intervening  beds  troughed 
in  between  them, notwithstanding  the  apparently  horizontal  thinning- 
out  of  the  limestone  at  each  extremity,  and  the  contortion  seen  at 
St.  John's.  This  view  would,  of  course,  require  the  beds  contained 
in  the  synclinal  trough  west  of  the  Looe  river,  as  they  trended  up 
to  the  Lyhner  and  the  Hamoaze,  to  become  inverted,  and  in  this 
position  to  range  eastward  to  tiie  granite  north  of  Ivy  Bridge, 
where,  partly  by  the  granite  and  partly  by  &iults,  the  continuity  of 
the  belt  of  rocks  became  destroyed.  But  we  cannot  assume  this 
view  without  doing  violence  to  the  apparent  relations  of  the  bedding 
on  either  side  of  the  mouth  of  the  Seaton  river ;  and  there  is,  in 
fact,  no  direct  evidence  to  bear  it  out  Moreover  it  would  bring 
these  beds  into  relationship  with  the  rocks  which  certainly  overlie 
the  limestones  of  Pl3rmouth  and  Brixham  on  the  south,  and  occupy 
the  whole  of  the  Dartmouth  and  Kingsbridge  district,  with  which, 
notwithstanding  a  considerable  resemblance  in  lithological  character, 
there  is  no  palaeontological  evidence  to  connect  them ;  whereas  the 
rocks  which  are  seen  beneath  the  limestones  at  Mudstone  Bay  and 
Meadfoot  Sands  are  related  to  them  by  similarity  of  fossil  contents, 
and  more  especially  by  their  fish-remains.  On  the  other  hand,  the 
slates  which  occupy  the  country  between  the  Ogwell  and  Ashburton 
limestones  resemble,  both  petrologically  and  in  the  abundant  asso- 
ciation of  volcanic  rocks,  the  beds  which,  brought  down  from  the 
Liskeard  district  by  St.  Germans  and  Saltash,  and  from  the  coast  by 
Folbathick  and  by  Anthony,  are  continued  by  Plympton  to  the 
southern  extremity  of  the  granite  at  Ivy  Bridge. 

But  a  directly  opposite  interpretation  has  also  been  suggested 
respecting  the  stratigraphical  relations  of  these  beds,  viz.  that  the 

**"  In  this  I  am  borne  out  by  Mr.  Gt)dwin- Austen,  who  regards  the  limeetones 
of  Aehburton  and  St.  Germans  as  a  lower  raafle.  (Trans.  Geol.  600.  vol.  vi. 
p.  462 ;  also  Sedgwick  and  Murchison,  /.  e.  p.  65S.) 
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rod  rocks  of  Staddon  Point,  Morlcigh  Down,  and  the  Dart  htw 
hiivo  been  brought  up  from  below  the  Plymouth  limestone  bj  iic 
invortod  anticdinal  .axis ;  and  I  believe  Mr.  Bec^te  Jukes  is  ineJinwi 
to  fiivuur  this  viow.  There  appears  to  be,  ho-wever^  on  the  easi 
shore  of  Plymouth  Sound,  south  of  Mount  Batten,  and  from  ih* 
limestone  of  Brixham,  along  the  river  Dart,  and  the  coast  at  Ifann 
Sands,  an  upwards  series,  through  grey,  blue,  and  purple  slate,  l" 
the  red  jirrit,  which  rocks  succeed  each  other  conformably ;  and  thf 
limestone  of  Berry  Pomeroy  and  Marldon  are  overlain  by  varif^ted 
aigillaceous  slates,  surmounted  at  Blagdon  Cross  by  red  grittf  likf 
those  of  Staddon  Point  and  the  banks  of  the  Dart.  No  similar rocb. 
however,  arc  seen  rising  up  from  below  the  limestone  among  the 
lower  rocks  north-west  of  Dartington  and  Ogwell ;  nor  are  anysnch 
Mgain  bronglit  uj)  to  the  surface  from  beneath  the  limestone  in  the 
long  d()wnw{ird  succession  of  the  bcils  bc^tween  Plymouth  and  thf 
Harrowbridge  station,  on  the  Tavistock  railway. 

The  fossiliferous  rocks  of  South  Pether\i'in  appear  to  be  commonlT 
hold  aracmg  geologists  to  be  Upper  Devonian,  and  are  placed  by 
Mr.  Salter  on  the  horizon  of  the  red  slates  of  Morte  Bav  *.  l/x»k- 
ing,  h«)wever,  to  the  relations  of  the  beds  which  surround  the  granite 
of  the  C'amelford  Hills,  and  following,  as  I  have  done,  the  volciiiitf 
rocks  of  Alternan  and  Lewannick,  which  support  the  Pethtrwin 
linicst(mes,  round  to  the  westward  by  St.  Clether,  Davidstow,  and 
Tintagt'll,  to  Dclabole  and  St.  Mabyn  on  the  one  hand,  and  by 
Stoke?  Clinisland,  South  Hill,  Ctdlington,  and  New  Bridge,  to  St. 
Cleer  an<l  the  \'icinity  of  Liskeard  on  the  other,  there  seems  to  be 
no  reason.ibU^  doubt  tliat  we  are  following  the  same  rsuige  of 
Ix'ds,  and  that  the  granite,  in  breaking  through  and  carrying  up  the 
Devonian  rocks,  has  done  so  "w-ithout  producing  so  great  an  amount 
of  disturbance  as  to  destroy  the  general  relations  of  the  surroimding 
rocks,  although  some  lower  beds  are  brought  up  on  the  south-cast 
and  north-west  of  the  gmnitic  mass,  and  carry  these  volcanic 
rocks  further  from  its  margin.  There  appears,  therefore,  to  bf 
evidence,  as  clear  as  we  can  expect  to  find  among  rocks  of  this 
kind,  that  the  igneous  rocks  which  are  seen  to  dip  away  firwn 
the  granite  on  all  sides  except  that  towards  Bodmin,  all  belong  tn 
a  single  group :  and  that  the  band  of  volcanic  rooks  at  Alternan,  on 
t\n)  north,  holds  the  same  relative  position  as  regards  the  granite 
that  the  smaller,  but  similar,  band  at  St.  Cleer  does  on  the  south — 
ill  other  words,  that  the  igneous  rocks  of  .ilteman  and  St.  Cleer, 
and  the  more  horizontal  masses  further  to  the  east  at  South  HiQ 
and  Callington,  are  on  the  same,  or  nearly  the  same,  geological  ho- 
rizon. Now  we  have  a  tolerably  clear  upward  succession  from 
the  beds  which  are  thrown  over  to  the  north  of  the  Kingston  Down 
granite,  and  which  range  up  to  Alternan,  across  the  strike  to 
the  limestones  of  South  Petherwin — and  an  equally  clear  downward 
seri(fs  from  AVhitechurch  Down,  along  the  Tavistock  railwav,  to 
J'lymouth.  If,  tliereforcs  the  Petherwin  limestones  were  really 
*    *  I'pprr  Old  Red  Siindstono  and  Upper  Deronian  RorkR,*'  Qiuirt  Joiirn 
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above  the  Plymouth  and  Torbay  range,  where  is  the  place  of  the 
latter  and  of  the  red  grits  which  overlie  them  at  Staddon  Point  and 
Blagdon  Cross,  on  the  north  of  Kingston  Down  ?  There  can  be  no 
question  about  the  rocks  of  Hingston  Down  and  the  vicinity  of 
Buckland  Monachorum  being  the  lowest  in  the  line  of  country  be- 
tween South  Petherwin  and  the  coast  at  Whitesand  Bay;  and 
admitting  that  the  rocks  of  the  St.  Breock's  anticlinal  axis  are,  as  I 
believe,  somewhat  lower  in  the  series,  we  still  find  no  trace  of  the 
red  rocks  of  Staddon  Point  and  the  Eingsbridge  district,  between 
them  and  the  volcanic  beds  of  St.  Clether  and  Tintagell,  as  they  curve 
round  by  Delabole  to  the  coast  at  Pentire  and  Padstow ;  and  al- 
though it  is  possible  that  they  may  have  thinned  out  before  reaching 
Bodmin,  that  could  hardly  be  the  case  as  regards  the  country  north 
of  Plymouth.  There  really  appears,  therefore,  to  be  so  little 
ambiguity  about  the  stratigraphical  relations  of  these  different  beds, 
that  it  becomes  necessary  to  examine  the  evidence  afforded  by 
organic  remains  which  has  led  to  a  different  opinion. 

The  following  Table  (Table  11.)  gives  the  distribution  of  the  76 
species  from  the  fossiliferous  rocks  of  South  Petherwin.  The  list  of 
species  is  extracted  from  Table  II.  of  Mr.  Etheridge's  elaborate 
memoir  in  the  23rd  volume  of  the  Society's  Journal  *.  The  columns 
headed  "Europe*'  and  "Carboniferous"  are  likewise  extracted 
from  Mr.  Etheridge's  lists.  These  Tables  have  been  used  also  in 
compiling  the  other  three  columns,  there  being  only  two  species  in 
column  5  which  are  not  contained  in  his  Tables ;  and  they  are  intro- 
duced on  the  authority  of  Prof.  Phillips  and  Mr.  Davidson.  For 
the  rest  I  am  indebted  to  the  writings  of  Prof.  Phillips  and  Messrs. 
God  win- Austen,  Salter,  and  Davidson,  and  to  some  unpublished  infor- 
mation derived  from  the  last  two  authorities  through  Mr.  Pengelly. 
The  6th  column  includes  all  the  localities  named  in  Table  I.  (p.  432), 
together  with  those  of  Walton,  Rowdown,  near  Washburton,  and 
Yealmpton  Creek ;  but  the  list  is  very  incomplete.  The  7th  co- 
lumn is  likewise  very  incomplete,  but  comprehends  the  calcareous 
and  fossiliferous  rocks  which  range  by  Ashburton  and  Newnham 
Park  to  St.  Germans  and  the  Looe  river,  and  thence  on  towards  the 
Fowey.  It  may  be  observed,  however,  that  some  of  the  Petherwin 
fossils,  collected  many  years  ago,  before  the  limits  of  the  Culm-mea- 
sures were  clearly  defined,  may  not  really  belong  to  the  underlying 
rocks.  This  is  the  case  with  Loxonema  tumtdum,  Poterioceras 
fusiforme,  and  perhaps  Murehisonia  angtdata,  as  none  of  these  spe- 
cies, except  the  last,  are  known  to  occur  elsewhere  in  Devonian 
rockst. 

*  P.  616  et  Hq.  Three  species  have  been  omitted,  as  Orthocera*  tbex^  Phill., 
is  the  same  as  O.  PhiUvMii,  D'Orb.,  and  Athyris  indentata.  Sow.,  is  the  A.  con' 
centrica,  V.  Buch  {vide  Sow.  in  Trans.  GeoL  Soc.  2nd  ser.  vol.  ▼.  p.  784);  A,  decu9- 
sata.  Sow.,  is  likewise  a  sjnonjm  of  A,  concentrica^  according  to  M'Coy  and  De 
Koninck.  (See  Davidson,  Mon.  Pakeont.  Soc. :  Brachiopoda,  vol.  iii.  Part  6.  No. 
1.  p.  17 ;  consult  also  Phill.  Pal.  Foss.  p.  70,  and  Morris,  Oat  Brit.  Fobs.  p.  130). 

T  The  lowermost  beds  of  the  Carbonaceous  rocks  on  the  south  side  of  the 
Culm  trough  are  locally  fossiliferous.  They  contain  Gkmiatites,  Orthoceratitea, 
and  some  other  fossils,  and,  near  lAndfake  and  Chudlei^,  Pondonam/a, 
The  fossils  named  above,  as  also  Orthoceras  itriafum,  8nnguinolaria  eUifHea^ 
&c.,  may  have  come  from  thene  lower  beds. 
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•  Tlie  Misriak  in  this  Hwlumi 
Potherwiii.      Thow    3j>eciw  loarLod  thuat,   although    not  Jwoxdiar 
Petherwin,  WW  not  found  elsewhere  in  British  Deriinian  rocks. 

1  Coll,  SfoLSotetEdw  A  Haimp.  Monogmph  Pal.  Soc  p. 223. 

' Phillipi, Pftl. Fow.  °DaTidson,inCol.Pengebj.  'Uurcluiiao,Siluria,p.396. 

If  from  the  76  species  recorded  in  the  above  Table  we  deduct  21 
Bpeciee  as  being  peculiar  to  the  locality,  i.*.  "ot  found  eUewhcrt'  in 
Britain  or  the  continent  of  Europe,  and  10  others  that  are  not 
found  elsewhere  in  British  DevoninD  rocks,  making  31  in  all,  we 
have  only  4.5  species  left  for  comparison  with  other  Britiah  hxtalitlee. 
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Nov,  of  these  45  specisB,  27  an  Bud  to  ooonrin  tlw  nppor  group  tf 
North  Devon ;  but,  on  the  other  h&nd,  there  are  in  the  Upper  VoA- 
Devon  groap  78  epedeB  which  do  not  oconr  in  the  Tetfimrin  bcdi. 
But  there  are  3?  species  in  common  betwoMi  Petherwiii  and  tte 
Torbay  or  South-Devon  limeetonee ;  and  if  to  these  we  add  S  adfi- 
tional  Bpecies  &om  the  Middle  North-Bevon  or  Sfraoombe  graap^ 
this  wiU  make  40  species,  and  two  others  from  the  beda  whiA 
underlie  the  Torbay  limeetonea  will  give  a  total  of  42  apecies  oat 
of  45  as  common  to  the  Uiddle  Devonian  and  the  Fettiennn  loAt, 
against  27  in  common  between  Fetherwin  and  the  Upper  ]To(&- 
Devon  group.  This  leaves  but  3  moteB  that  are  not  finud  in  tha 
Middle  Devonian  rocks  of  Devonshire,  exdtuiTe  of  the  31  ttutoa 
peculiar,  viz.  Avieula  traTWiena,  Mwrehitotiia  mng^ata,  and  OHla- 
etr<u  ttriatam',  which  are  Upper-Devoiiiaii  and  GarbonifivonaqpeaN. 
The  affinity,  therefore,  of  the  Pethenrin  &usa  with  that  of  tka 
Upper  North-Devon  group  is  not  so  strong  aa  it  ia  with  that  of  the 
Middle  group  of  South  Devon, 

If  we  compare  the  Fetherwin  fhwut  with  those  of  the  Cpper  aad 
Uiddle  groups  of  the  European  otntanent,  the  resnlta  are  nearij  tta 
same.  Deducting  from  the  76  Fetherwin  apeciea  the  21  not  finad 
elsewhere,  wo  have  55  species  remaining,  of  which  18  oocor  m  Obb- 
tincntol  Upper,  and  34  in  Continental  Middle  DenniaB  rocka,  Aad 
if  we  compare  the  same  55  spedee  with  the  fauna  of  the  Upper  and 
Middle  groups  of  all  areas  collcctivelj,  we  have  33  for  the  Upps 
and  48  for  the  Middle  group  in  common.  Of  theae,  3  apecaca  an 
met  with  common  to  Fetherwin  and  the  Upper  Devonian  grai^  that 
do  not  occur  in  the  Middle  group,  against  18  Speoee  eomBOB  k 
the  latter  and  Fetherwin  that  do  not  ooonr  in  the  Upper  gnap,  bat 
of  which  two  species,  via.  PoterioeeroM  fiuifomu  and  Zommbm 
lumida,  occur  also  in  Carboniferoua  rooka,  and,  poanbly,  do  aat 
really  belong  to  the  Fetherwin  lower  faunat- 

To  pass  to  particular  species,  it  may  be  obaerved  that  aoana  te- 
portance  has  been  attributed  to  the  occurrence  of  Oypridina  (&- 
tomw')  gtrmtostriata.  Sand.,  in  the  Fetherwin  rocks,  aa  it  waabc- 
mcrly  supposed  to  be  a  characteristic  fosul  of  the  Upper 
of  the  Devonian  system ;  but  it  is  now  known  to  oocar 
the  Middle  division.  The  Cli/menitt,  again,  have  been  i 
08  evidence  of  the  Upper*  Devonian  character  of  the 
beds ;  but  of  the  11  species  that  have  been  met  with  in  fliat] 
8,  Bcoording  to  Mr.  Etiioridgo'e  lists,  appear  to  be  unknown  «N> 
where,  and  therefore  tell  us  nothing.  Of  the  3  lemiUBJRg  tmdd 
2  are  true  Uiddle-Dt^vonian  forms,  and  the  other  ia  a  HidAs" 
Dovonian  species  in  South  Devon  (and  on  the  C(»itinent  ?).  aai  aa 
Upper-Devonian  fonn  iu  Franco.  On  the  other  hand,  the  gtaot 
Oyrtoetraa  is  not  known  in  true  Upper  Devonian  rocks,  nererthelew 

■  Thii  last  is  not  contvnod  in  Prof.  Phillip^i  liiU. 

f  In  ■  paper  "  On  ths  Omlogial  and  Chronological  Diitribulion  of  Iha  Df- 
vonian  FoniLi  of  Devon  and  Comviall."  published  in  the  '  Owlaiglnl'  tar  IBOi. 
UT.Fen^lljarrind at theoonaluaionihiltihe Fetherwin  bwlii^ " '-• 
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it  occurs  in  the  Petherwin  beds ;  and,  lastly,  there  are  6  Brachio- 
pods  named  by  Mr.  Etheridge*  as  being  characteristic  of  the  North- 
Devon  Upper  Devonian  rocks,  and  not  occurring  below  them,  viz. 
Athyris  oblonga^  Disdna  nitida,  Lingula  squamiformiSy  Froductus 
scahriculuSy  Terehratula  saeculuB  and  Bhynchonella  acuminata  f ,  none 
of  which  are  known  in  the  Petherwin  beds. 

These  results,  so  far  as  they  go,  are,  I  believe,  in  accordance 
with  those  of  Mr.  Salter  t*  who,  reasoning  from  the  mixed  cha- 
racter of  the  Petherwin  fauna,  consisting  partly  of  Upper-  and  partly 
of  Middle-Devonian  forms,  assigned  to  these  beds  a  middle  position 
between  the  fossiliferons  sones  of  the  two  upper  divisions  of  the 
Devonian  system,  or,  at  any  rate,  a  place  below  the  Marwood  beds  ; 
and  he  g&vo,  among  other  reasons  for  doing  so,  the  presence  of  Cly^ 
menia  and  Cardiolu  rostrata.  This  method  of  reasoning,  however, 
can  hold  good  only  so  long  as  there  is  no  evidence  of  stratigraphi-^ 
cal  superposition.  That  Cardiola  rostrata  lived  in  Upper-Devonian 
times  on  the  Continent  is  no  evidence  that  it  did  not  exist  in  Middle- 
Devonian  times  in  Britain ;  and  perhaps  a  rigid  comparison  of  the 
Devonian  fauna  of  North  America  and  elsewhere  with  that  of 
Devonshire  and  continental  Europe  might  throw  some  additional 
light  on  our  knowledge  respecting  the  migration  of  species,  and 
their  distribution  in  time  and  space. 

The  beds  brought  up  by  the  narrow  anticlinal  axis  at  Yealm 
Bridge  may  perhaps  be  rather  higher  in  the  series  than  the  Pether- 
win rocks ;  but  of  this  there  is  no  evidence.  The  fossils  are  Phacops 
hitifrons,  J^iiomos?  (Cj/pridina)  $errato-8tr{ata§,  and  Petraia  Cd^ 
tica,  which  are  likewise  Petherwin  fossils,  with  Sanguinolaria  dlip'^ 
tiaiy  PbiU.,  and  BeUeroplion  hiidctis.  Sow. ;  but  these  latter,  as  we  are 
told  by  Mr.  Pattison]!,  were  found  in  the  loose  upper  layers ;  and 
it  is  not  quite  clear  whether  or  not  they  may  belong  to  the  Upper 
or  Carbonaceous  system. 

In  endeavouring  to  determine  the  position  of  the  fossiliferous 
rocks  of  liskeard  and  the  Looe-river  district  by  means  of  their 
organic  remains,  we  are  embarrassed  by  the  i^^ant  of  evidence ;  for 
although  vast  numbers  of  casts  of  fossils  have  been  observed,  they 
are  mostly  in  such  a  wretched  condition  that  only  a  few  of  them 
have  been  identified  specifically.  Besides  the  forms  enumerated 
in  the  following  Table  (Table  HI.),  species  of  OrthoceraSj  of  Brachio- 
poda,  and  of  Coelenterata  have  been  noticed  in  the  neighbourhood 
of  Liskeard ;  and  it  was  from  within  this  area  that  Mr,  Pengelly 
obtained  the  Phacops  punctatus  figured  in  Mr.  Salter's  monograph^. 
In  the  Looe-river  district,  including  Poluran,  Fowey,  &c.,  and  the 
shores  of  Whitesand  Bay,  other  species,  not  included  in  the  Table, 
have  been  found,  of  the  genera  AvicuU^ecteny  Avieula,  Ctenodontay 

»  L.e.p.ees, 

t  L.  c.  p.  668.  A  leventh  is  ^yen  in  the  text,  yu,  Snirifera  Urn ;  but  this 
species  oocurs  at  Barton,  and  u  recorded  as  a  Middle-Deyonian  species  in 
l^blee  2  &  9  of  the  Memoir.  I  Quart  Joupn.  Geol.  See.  vol.  zix,  p.  483, 

(On  the  authority  of  Mr.  S.  R  Pattison. 
Trans.  Bojal  Qeol.  8oc.  of  Corn^wall,  35th  Ann.  Bep^  p.  64. 
«[  Palaeont,  Soc  Mon.  Trilobitei,  pt  1.  pi  i.  figs,  17-19. 
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Oi-thocfran,  and  OoniaiUfg,  irith  eomo  Trilobitca  not  fiiUy  idml 
and  many  upcties  of  Ca'lentcrata*.  But  as  far  as  the  knoim  »\ 
nt  pti-Kt-'nt  gu,  thiy  ilo  not  bear  out  the  view  ^encrsUy  prw 
among  KwlngistK,  thftt  tbesc  Looe-river  beda  are  the  represeniatii 
time  of  the  Lowor  Devonian  or  Linton  group  of  North  Devon :  an 
tine  Icbthvodondites  from  this  locality,  in  the  collt^tion  of  Mr. 
gotly.  hiive  the  obliquo  ri»lgc8  appertaining  to  the  Carbouiferous  It 
The  42  iii>ccics  from  the  laoe  dlatrict  entered  in  Table  111 

TabL8  III. 

Fo»»iU  of  (he  Looe-Biver,  ZAtkearii,  and  Padttow  dittricU  eomp 

«-ith  Ihnsf  nf  l\1hf.rwiu,_  and  vlth  the  Upper,  mddlt,  and  L. 

Ihiiyiiinn  Giovpg  of  Britain  and  Continental  Europe  retpietiti 


MMSiUI 


fiiii 


I.  iini>f 


-  --  |>liirini<liali>.  I'ii'H, 

t'HT(M<i'i>s  (liiliia,  H/aiui;  

libr.™.  GM/.f  

Ili'liiilil™  pimiw,  C'-ldf. 

nviinHlii^.Viiin  iirobliiimliciim,  Gol^f. .. 

C'vatluHTiiiiiH  iiH'niaMrliis.  I'AiU. 

Pliaruiw  Liriuiatuis  ll..«i 

tiuiidnlus,  !ifii» 

l^ltif^ull^  ItTomt  

Ki-dphIi-IIu  iintiquH,  (•'o/i//.    

AlhvriK  iiHiniitnL'a.  ('.  i{ucvl 

Alrjin  d^UHiiialB,  .'■>«■.    

rd  inilurU,  H  tar.  BHuera,  SciMA. . , 

ClmnitM  IlardreiisiH,  J'Ull.     

■jniliriiB  Ulu'inla,  Cot'raii  

Orlhi«  arrtiiiW,  mft.  

rHtupiiinlu,  I'iilf. 

liiliimriiiiiTi,  t'aMi'r. 

Klijiiphoiiplbi  fengi-lliBiui,  AiK 

&pirifi>ra  prJDUcn.  Sfeiu 

rumita,  &-il'itA 

Iiystfritfl,  StkMA 

—  wirrioBH,  *wrf*.'...!..!!!!!!....""!!!! 

SpirifrrmarriHliita,  Sck/oti 

I'liitimwrim  brcvirtwlris,  PHI/.   

I  iJlrinfpKi-plmlufi  gii^iiilviui,  fiov. 

*  Tlio  (iimlH  enuinpratpd  br  Ur.  Coucb.  Trnns.  Bo;.  0«)1.  Sor.  of  Comi 
^'Inl  Ann.  K4^i.,  Bri> not  incrlud«d.Mt)irirapn7iflcdrtcRiiiiwliuQi  were  madrn 
jwin  fijjo,  bcfure  lljpgi^iii'rn  and  Bpedn  bad  rcoriTid  their  modprn  d^Dnitioi 

t  I'll?  Pfi  ratfiidi »  niid  Ctyikalaipidet  nf  Fmditow  and  tbo  Lixir-riTpr  dul 
arc  iiul  alhi'illiiillf  tlio  ramr  aa  tliuap  nf  Ihr  Lowpr  Old  Red. 
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Table  III.  (coniimud). 


Streptorhvncbua  aigu,  M't'o// 
CTeniBtria,  Phill.  


trophomena    rhDmboidea,     tar.   anologa, 
Fm.  


Fl«rJD(s  Bprnoao,  PkUI. 
Loxonema  lincta,  Phill. 

Bellerophon  binuloatUB,  Bom. 

PlcuroUimaria  cancelUtA.  PkiU. 

Orthocenu  Luilense,  PhUl.  non  Suw. 

SerpuU,  n.  sp 

Pternspis  (ScapliMpu]  Comubioiu,  Ji'Ooy.. 

CephaUpiB  ?  Cnrleri,  Jtf'tbp 

And   renkaiDB  of  sereral  other  ■pedea  of 
fiah 


■  De  In  Beehe,  Mem.  Qeol.  Surr.  toI.  i.  p.  101.  »  PhilL  PhL  Po».  p.  38. 
'  Pengellj  in  DaTidwin's  Monomph.  pBlsonC.  Soc.  •  Salter  in  CoL  Pengellj. 
*  Etberidpe.  /.  c.  table  ii.  p.  E^l.  '  Murchison.  Trans.  Ro;.  Oeol.  Soo.  of 
Camwall,  33n9  Ann.  Rep.  '  Coaoh  on  Foh.  of  Cornwall.  Tratia.  Roy.  Oeol.  Boo, 
of  Cornwall,  33rd  Ann.  Rep.  *  PattiaoD,  Tnna.  Kot.  Oml.  Soc.  of  Cornwall, 
S5th  Ann.  Rep.  >  CoVL  Mus.  Pract.  Oeol.  ">  SUuna,  4tb  Edit.  p.  399.  t  and 
at  AihburtOD.    ]  Meadfoot.     |  Muditone  Baj. 

not,  OS  already  stated,  inclttde  all  the  forms ;  and  of  tliese  42  speciee, 
5  have  not  been  meet  with  elsewhere,  leaving  therefore  37  Bpociee 
for  comparison,  all  of  which,  with  the  exception  of  two,  via.  Ortkit 
hippanonyx  and  Pterinea  tpinoia  are  known  to  occur  in  Middle 
Devonian  rocks,  either  of  Britain  or  Europe,  and  all,  with  the  excep- 
tion of  tho  above,  and  Spirifera  primeeva,  and  perhaps  Spinfera 
hysUriea  (the  occurrence  of  this  latt«r  speaea  in  South  Devon  being 
not  quite  certain),  are  met  with  in  British  Middle  Devonian  rocks. 
On  the  other  hand,  only  8  of  the  37  species  are  known  in  the  Linton 
beds,  and  these,  with  the  exception  of  Pter'mta  tpinosa,  which  occurs 
at  South  Petherwin,  and  the  doubtfiil  Spirifera  hytUriea,  Schloth,, 
before  alluded  to,  all  pass  up  from  the  Linton  group  into  the  middle 
division  of  the  By8t«m,  either  in  Britain  or  on  the  Continent  of  Europe 
It  would  appear,  therefore,  that  the  chances  against  these  nx^ 
being  Lower  Devonian  are  aa  35  to  2. 

The  fossil  evidence  reepecting  the  position  of  the  Padstow  rocks 
ia  still  more  meagre ;  but  as  they  are,  I  believe,  admitted  to  be 
Middle  Devonian,  no  question  here  arises.  Orikocerat  Lvdente,  Phill., 
which  is  also  a  Petherwin  fossil,  is  said  to  be  abundant  here,  and 
Ooniatites  are  stated  to  occur*. 

*  PattuoQ,  Trana.  Roy.  Oool.  Boo.  of  Cornwall,  36t)i  Ann.  Bep. 


1  iLi]ur\nn  ;  imt  tin-  oUht  lime 
M-ry  t'fw  ouly  ineurritig  m  tlic- 
idiuii  .if  til.:  r;iiif;c  to  llif  iimst 

piiHliiitoiilcs* ,  Ithyn eiioiullayhi 
gigat,  and  inornala*,  aud  S.  (>f> 
latter,  these  are  all  Potherwio 
tho  conclusion  that  the  Pctfaerwi 
even  from  these  data  (independen 
from  their  palEDontologieal  conx 
BO  much  leas  etronf;  than  it  is  wi 
UTio  unequal  distributioo  of  o; 
reference  to  the  Zjindlake  quarr 
throughout  tho  Devonian  rocks  ol 
to  the  same  extent ;  and  it  is,  perl 
when  wo  take  into  consideratio] 
theao  calcareous  deposits ;  for  w! 
origin  or  not,  they  ore  stiU  patches 
considerable,  of,  probably,  muddy 
loiigago,drewattention  to  thialoct 
ODO  form  of  C<B]ent«rata  prevailin 
the  dominant  species  in  a  ncighboi 
deposits  appear  to  contain  little  el 
and  a  few  Amorphoioa.  Others  t 
Woolborough  and  Barton.  At  the 
borough,  Ogwell,  and  Barton  ha' 
searched,  capecially  Woolborough, 
Aiisten  states,  that  the  fossils  at  tb 
and  in  better  condition  than  at  a 
Toorite  spot  of  collectors.  But  I 
no  leas  remarkable  than  that  of 
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rocksy  and,  with  the  possible  exception  of  Ilfracombe,  are  all  on 
the  same  horizon. 

The  abundance  of  species  of  Cyrtoceras  at  the  Woolboroogh  quarry 
is  quite  as  remarkable  as  that  of  species  of  Clymenia  at  Land- 
lake.  Of  the  13  species  [which  have  been  found  at  Woolborough,  9 
are  peculiar  to  the  locality.  One,  Cyrtoceras  rusticum,  occurs  like- 
wise at  Landlake,  and  three  species  occur  in  the  Middle  Devonian 
rocks  of  continental  Europe.  The  Tetrabranchial  forms,  therefore, 
constitute  a  colony  singularly  restricted  in  range,  and  in  consequence 
of  these  and  the  many  other  peculiar  forms  of  extinct  life  asso- 
ciated at  this  spot,  it  has  been  suggested  that  this  small  mass  of 
limestone,  which  here  protrudes  through  the  Culm-measures,  may 
be  of  a  different  age  from  the  rest  of  the  Torbay  limestones ;  and  that 
the  Woolborough  and  Landlake  beds  may  have  been  synchronous, 
and  referable  to  the  lower  part  of  the  Upper  Devonian  series*. 
Against  this  view  it  may  be  urged  that  not  one  of  the  13  species  of 
Cyrtoceras,  and  only  one  of  the  11  species  of  Clymenia ,  and  one  only 
of  the  4  species  of  Ghniatites  met  with  in  one  or  other  of  these  two 
localities  are  known  to  occur  in  Upper  Devonian  rocks  in  any  area. 

But  there  is  another  and  more  fisital  objection  to  this  view,  inas- 
much as  it  assumes  the  existence  of  a  fault  with  a  downthrow  of 
several  thousand  feet,  and  of  course  of  an  extent  proportionate  to 
such  an  effect ;  whereas  there  are  only  a  few  small  faults  in  the 
vicinity  with  a  throw  of  a  hundred  feet  or  so,  perhaps  less  ;  for  the 
Connator  fault,  if  continuous  with  that  of  Bow  Hill  at  all,  has  the 
downthrow  on  the  other  side,  towards  Ogwell  and  Ipplepen,  or  what 
amounts  to  the  same  thing,  an  upcast  on  the  east,  t.  e,  on  the  Wool- 
borough side. 

No  further  than  Marldon,  a  few  miles  to  the  south,  we  see  the 
Torbay  limestones  overlain  by  a  great  thickness  of  red  slates  and 
grits  almost  devoid  of  fossils ;  and  the  character  of  the  rocks  which 
overlie  the  upper  limestones  of  South  Devon  is  further  seen  in  the 
succession  of  beds  southward  of  Biixham,  where  they  attain  a  thick- 
ness of  several  thousand  feet ;  and  there  are  not,  and  cannot  be,  any 
such  faults  as  would  cut  out  this  great  mass  of  red  rocks  and  bring 
yet  higher  beds  down  among  the  Torbay  limestones  without  pro- 
ducing more  obvious  effects  l^an  are  visible  on  the  country  through 
which  it  passed. 

The  identification  of  the  Steganodtdyum  Comubicumy  M'Coy, 
with  the  genus  Ptera^pis  by  the  Rev.  W.  8.  Symonds,  of  Pendock, 
which  has  since  been  confinned  by  Prof.  Huxley,  has  an  important 
bearing  upon  the  question  of  the  age  of  the  rocks  of  South  Devon  and 
Cornwall ;  for  although  it  affords  us  no  further  aid  by  which  to  co- 
ordinate these  rocks  with  any  particular  portion  of  the  Old  Bed 
system,  either  of  the  Silurian  area  or  of  Scotland,  the  species  being 
specifically  different  from  any  at  present  known  in  the  Old  Bed,  it 
throws  additional  weight  on  the  views  of  those  geologists  who  hold 
the  two  systems  to  be  equivalent  in  time.  The  species  is  somewhat 
widely  distributed  ;  and  I  learn  from  Mr.  Pengelly  that  it  occurs  at 
*  Salter,  Quart.  Journal  GcoK  Soc.  vol.  xix.  p.  483,  footnote. 
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intervals  on  the  coast  all  the  way  from  the  mouth  of  the  Fowey  riyer 
to  the  towns  of  l/joe,  and  thence  along  the  shores  of  Whitesand  Bftj 
to  the  Kamo  Head,  and  up  the  river  Towey  to  as  far  as  Cliff  and 
the  parish  of  St.  Veep.     I  have  found  it  in  the  slaty  limestone  of 
Milladon  near  St.  Germans ;  and  Mr.  PengcUy  has  met  with  it  in  Hiid> 
stone  Bay,  and  at  Bedruthen  Steps  near  Padstow.     It  ranges,  there- 
fore, thruu<rh  the  whole  of  the  heds  from  the  calcareous  rocks  of  St 
Geniians  to  the  base  of  the  Plymouth  and  Torbay  limestones.     The 
genus,  therefore,  although  more  particulariy  characteristic  of  the 
Ijower  Old  Red,  appears  to  pass  up*.     In  the  fine  series  of  fish -re- 
mains in  the  collection  of  Mr.  Pengolly,  I  noticed  at  least  four  or 
five  other  species,  exclusive  of  the  PhiUolepis  concentrictts^  all  from 
the  Looe-river  grou])  of  beds ;  and  these  remains  appear  to  indicate 
an  ej)oeh  during  wliich,  from  their  frequent  occurrence,  fish  must 
have  been  abundant. 

T  leave  the  coordination  of  these  rocks  with  the  typical  g^upings 
of  North  Devon  to  those  wlio  are  better  acquainted  with  the  latter, 
tile  chief  object  of  this  communication  being  rather  to  endeavour  to 
estiiblish  tlu?  rel.itions  of  the  beds,  or  groups  of  beds,  south  of  the 
C'lilin-nieasure  trough  among  themselves;  and  as  regards  the  re- 
pults,  stated  generally,  they  accord  pretty  nejirly  with  those  of  the 
authors  (»f  th(^  Devonian  system  as  enunciated  in  the  first  of  their 
nn'inoirs+,  although  differing  somewhat  in  details, — the  whole  of  the 
beds,  from  the  St.  Germans  and  Ashburton  range  of  limestones  to 
the  t<)p  of  those  of  Plymouth  and  Torbay  inclusive,  correspond- 
ing with  their  group  No.  2,  the  red  argillaceous  and  prritty  beds 
wliich  are  seen  passing  under  the  Triassic  rocks  of  Painttm,  and 
whicli  occn])y  in  force  the  whole  of  the  Kingsbridgo  promontory,  ex- 
clusive (»f  the  nietamorphic  rocks,  being  represented  by  their  gn.»upi 
3  and  4. 

But,  assuming  that  the  rocks  included  between  the  base  of  the 
Ashburton  and  tlietop  of  the  Torbay  limestones  (the  group  No.  If  of 
Sedgwick  and  ^Murchison)  represent  the  cjilcareous  ])ortion  of  the 
Ilfracombe  grou])  of  Xorth  Devcm  J,  then  the  rod  rtx^ks  of  Blagdon 
Cross  and  the  Kings])ridge  promontory  would  in  all  lirobability  cor- 
respond in  position,  as  they  do  to  some  extent  in  litholofjical'  cha- 
racter, with  the  Upper  and  Morthoe  portions  of  the  same  series  ;  while 
the  rocks  brought  up  around  Hingston  Down  and  in  the  viciiiitv  of 
Buekland  Monachoruni  would  represent  the  lowermost  portion  of 
the  Ilfracombe  group,  and  the  yet  older  rocks  of  St,  Breock's  Down 
would  iind  their  analogues  in  the  Hangman  Grits. 

*  Both  Ptcro^pia  and  Ccpkalaaph  occur  in  the  Old  Red  high  up  in  the  Grvst 
Skirrid  Mountniii,  and  in  tjie  town  of  Abergavenny,  in  IhxIs  Which,  unless  some 
groat  unrli.HHiviTiHl  fault  fxintg.  cannot  be  more  than  lOlK)  feet  below  the  fanae  of 
the  CarUmiffnuw  nlate  of  the  South  Welsh  coiilfield. 

t  /,.  r.  p.  i'A'tii.  f'f  .s*(^. 

*  Villi'  Mr.  Ktherid^e'p  Memoir,  preriouslj  cited,  pp.  604  &  605. 
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May  6,  1868. 

The  Rev,  James  Crombie,  M.A.,  84  St.  John's  Wood  Terrace ; 
Charles  Judd,  Esq.,  A.K.C.,  F.R.A.8.,  3  Stoneleigh  Villas,  Totten- 
ham; Duncan  G.  F,  Macdonald,  Esq.,  4  Spring  Gardens;  J.  S. 
Phene,  Esq.,  5  Carlton  Terrace,  Oakley  Street,  W. ;  and  M.  Thom- 
son, Esq.,  College  House,  Southgate,  were  elected  Fellows. 

The  following  communication  was  read : — 

On  the  Quaternary  Gravels  of  England.    By  Alfred  Tylor,  Esq., 

F.L.S.,  F.G.S. 

[The  publication  of  this  paper  is  unavoidably  postponed.] 

(Abstract.) 

Mk.  Tylor  first  compares  the  gravels  of  the  Aire  Valley  at  Bingley, 
of  the  Taff  Vale  between  Quaker's  Yard  Junction  and  Aherdeen 
Junction,  and  of  the  Valley  of  the  Khonda  near  its  junction  with  the 
Tatf.  He  then  describes  the  cave-section  of  Bacon  Hole,  Gower, 
and  the  sections  exposed  at  Crayford,  Erith,  and  Salisbury,  com- 
paring the  angles  of  deposition  of  gravel-beds  concealing  the  escarp- 
ment of  the  Clialk  in  these  last  three  localities  with  the  same  con- 
ditions at  Brighton  and  Sangatte. 

By  comparing  the  gravel-beds  at  different  levels,  and  upon  strata 
of  different  age  and  configuration,  he  shows  in  what  respect  they 
difl'er  from  each  other.  The  bulk  and  height  of  the  Quaternary  de- 
posits have  strengthened  the  conviction  which  he  expressed  in  his 
previous  paper  (on  the  Amiens  Gravel),  that  there  was  a  long  period, 
reaching  nearly  to  the  Historical  epoch,  in  which  the  rainfall  was 
excessive,  and  which  he  termed  the  "  Pluvial  period." 

These  sections  also  lead  the  author  to  the  following  conclusions : — 
(1)  That  the  debris  was  deposited  by  land-fioods,  and  that  the  mode 
of  deposition  was  quite  distinct  from  that  of  moraines  produced  by 
the  melting  of  ice.  (2)  That  the  character  of  the  deposits  in  the 
valleys  of  the  Aire,  Taff,  and  Khonda  proves  that  they  were  formed 
under  similar  conditions.  (3)  That  these  gravel-beds  point  to  a 
Pluvial  period  of  great  intensity  and  duration.  (4)  That  the  ice- 
action  of  which  there  is  evidence  was  subordinate  to  the  aqueous 
action.  (5)  That  the  fossiliferous  Quaternary  deposits  have  been 
best  preserved  where  they  have  been  formed  in  cavities  lying  be- 
tween the  edge  of  the  bank  of  a  river,  estuary,  or  sea  and  an 
escarpment  running  parallel  with  it  at  no  great  distance.  (6)  That 
the  immediate  source  of  the  gravels  was  the  high  land  adjoining  the 
rivers,  whence  they  have  been  washed  down  by  rain,  with  the  assist- 
ance of  lateral  streams,  into  the  lower  ground,  where  they  had  come 
into  contact  with  larger  quantities  of  running  water,  had  been  mixed 
with  rolled  materials,  and  spread  in  thick  beds  over  the  bottoms  and 
slopes  of  valleys  or  the  sides  of  escarpments.  (7)  That  the  surface 
of  such  a  deposit  rarely  slopes  at  more  than  from  2^  to  4°,  while  the 
slope  of  the  beds  lower  in  the  series  nearer  the  escarpment  averages 
12^.  The  escarpment  is  usually  concealed  under  a  coating  of  gravel 
or  loess. 
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Dl8CX78SIOir. 

Mr.  Pkkstwicu  dLsscntcd  from  the  view  of  the  author,  that  th< 
vall(Ts  h:ul  boon  cxcavjited  to  their  present  depth  lK»fore  the  gravel* 
wore  d('i)Ositf (1 ;  and,  with  reference  to  u  former  pajHT,  explaiiuii 
tliat  Mr.  Tylor  and  himself  had  taken  different  points  of  obsen^ati':* 
noar  Mori  tiers,  jind  that  his  own  viewa  as  to  the  sepnrution  whi:b 
in  some  cases  may  he  shown  to  exist  between  tlic  hi;;h-  and  low- 
level  gravels  wrre  correct. 

^Ir.  KvANs  also  combate<l  Mr.  1^'lor's  views,  and  puintcnl  out  the 
ditliLidty  of  aci'ounlinfi:  for  deiKwits  of  gravel  sueh  ils  are  at  presi'ul 
found  in  valleys  already  excavated  to  their  pi*esent  de]»th. 

Mr.  W.  Hovi)  D.vwKiNs  objected  to  calling  in  hj-jwlhcticfd  cau*-> 
to  account  for  etfects  when  existing  ea\isits  are  suffieieut,  and  titijJ 
the  sudden  melting  of  snow  as  a  sufficient  cause,  as  had  already 
been  sugi^ested  by  Mr.  Prest^ich. 

Sir  C'hahlf-s  Lvkll  s\ipi>ortt^  the  same  \iew,  and  mentioned  a 
ease  which  had  oceurix'd  at  Salisbuiy  some  30  years  ago  as  an  in- 
stance of  the  (fleets  of  such  floods.  He  also  cited  the  existence  of 
Hint  implements  in  the  gravels  on  either  side  of  Southampton  WatiT 
as  (nidence  of  the  existence  of  man  during  a  long  iwritxl  of  excava- 
ti«>n  of  valleys.  He  also  mentioned  the  discovery  by  Dr.  Harrk 
IJishop  of  (iibraltar,  of  flint  gravel  identical  with  that  of  the  jirifciit 
valh'vs  beneath  the  Basalt  of  Miocene  date  in  Antrim. 

Mr.  Si. MILKS  V.  Wood,  jun.,  insisted  on  the  difticulty  of  increased 
rainfall  tilling'  even  the  old  river-channels  of  Mr.  Prestwieh,  farlc** 
entire  valleys,  as  suggested  by  Mr.  Tylor ;  and  pointed  out  that  such 
increase  would  so  freshen  the  estuaries,  that  the  valleys  might  haw 
Ix'cn  exeivated  by  tid.'il  action,  and  yet  yield  freshwater  remains. 

Prof.  Ansiki)  sliowed,  by  calculation,  that  even  a  vast  inorea.«e  in 
the  rainfall  would  not  suffice  to  fill  the  valleys  so  as  to  deposit  the 
gravels  as  at  present  found. 

Mr.  WiiirxKKK  (juoted  the  existence  of  distinct  tornuH'S  of  gravel 
one  .ibove  tin*  other  in  the  Thames  valley  as  proving  the  gradual 
exeavati<»n  of  the  valley. 

Prof.  ^foRKis  doubted  as  to  the  precise  character  and  ag€  of  the 
deposits  in  the  valleys  in  South  Wales  having  been  accurately  ascer- 
tained. 

Mr.  Tylor  briefly  replied. 

IVof.  Kamsat  made  some  conchuhng  remarks,  expressing  his  dis- 
agreement with  the  views  of  the  author  as  to  the  enormoua  magni- 
tude of  the  ancient  rivers. 
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Mat  20tb,  1868. 

The  following  communications  were  read : — 

\,  On,  the  ERUPTION  of  the  Kaimeki  of  Santorht.     By  Dr.  J.  8. 
JuLirs  Schmidt,  Director  of  the  Observatory  of  Athens. 

(In  a  letter  to  His  Excellency  £.  Erskine,  British  Minister  at  Athens.) 
[Communicated  by  Sir  E.  I.  Murchison,  Bart.,  K.C.B.,  F.BJS.,  F.G.S.] 

During  my  first  journey  to  Santorin,  in  February  and  March  1866, 1 
communicated  a  general  outline  of  this  remarkable  eruption,  which 
commenced  at  the  end  of  January  1866,  and  has  since  been  visited  and 
described  by  observers  from  different  parts  of  Europe.  These  in- 
clude the  members  of  the  Athens  Commission,  Messrs.  Fouqu^  and 
Tauzen,  Baron  von  Seebach,  and  Messrs.  Fritsch,  Keiss,  and  Stiibel. 
From  time  to  time  information  has  been  received  on  the  subject,  and 
everj-thing  has  tended  to  show  the  extreme  desirability  of  accurate 
measurements.  Up  to  the  close  of  1867  the  eruption  continued 
without  a  day's  (perhaps  without  an  hour's)  intermission.  There 
has  also  been  no  cessation  in  the  growth  of  the  lava-deposit  on  the 
south  side  of  the  Nea  Kaimeni,  and  there  seems  every  probability 
that  some  years  may  elapse  before  the  volcanic  energy  of  the  island 
will  have  jdtogether  died  out. 

On  the  4th  January  1868  I  arrived  at  Santorin,  in  the  Austrian 
gunboat  "  Dalmat,"  commanded  by  Baron  Wickede.  We  anchored 
at  Bancho,  a  little  to  the  east  of  Mikra  Kaimeni.  Here  we  remained 
until  the  evening  of  the  9th  January,  and  were  fortunate  enough  to 
complete  our  observations  in  very  fine  weather. 

For  want  of  instruments,  my  own  observations  were  limited  to 
temperature  and  to  taking  sketches  of  the  recent  formations.  Many 
hours,  both  of  the  day  and  night,  were  occupied  in  determining  the 
exact  nature  of  the  eruptions  of  the  George  volcano,  and  in  approxi- 
mately making  out  their  periodicity. 

The  most  essential  part  of  the  undertaking,  namely,  the  mapping 
of  the  newly  formed  deposit,  was  entirely  left  to  the  Baron  Wickede, 
who,  between  the  5th  and  9th  January,  marked  carefidly  with  a  good 
prismatic  compass  all  the  principal  positions  of  the  area  in  question. 
The  officers  of  the  Dalmat  took  the  soundings  and  prepared  the  charts. 
On  the  9th  January,  at  my  desire,  Baron  Wickede  and  Lieutenant 
Midler  took  trigonometrical  measurements  of  the  heights  of  the  old 
cone  and  of  the  George  volcano. 

The  extreme  length  of  Nea  Kaimeni  was  formerly  1800  yards,  and 
the  average  breadth  800  yards.  The  eruption  is  well  known  to  have 
originated  on  the  south  side  of  the  island,  in  a  small  bay  below  the 
old  volcano,  and  to  have  extended  towards  the  west,  throwing  out  a 
spur  through  the  Aphruessa.  It  also  destroyed  and  covered  up  a 
terrace  on  the  south  coast  of  Nea  Kaimeni  300  yards  wide  and  nearly 
1000  yards  long.  The  tendency  of  the  lava-current  was  southward, 
sometimes  flowing  slowly,  sometimes  welling  up ;  but  the  advance 
was  slow,  the  depth  of  water  being  100  fathoms. 

Atler  about  two  years  the  extension  towards  the  south  was  be- 
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twcitn  1200  and  1400  yards  in  length,  the  breadth  being  IdOC 
from  west  to  east.  As,  however,  the  additional  maas  also  covi 
southern  extremity  of  the  old  land  of  Nea  Slaimeniy  the  total  ( 
sioiis  of  the  mass  from  north  to  soath  amount  to  1520  yards, 
now  formation  has  the  shape  of  a  triangle,  whose  apex  ia  di 
towards  the  south,  and  is  from  90  to  100  feet  above  the  scsa,  witi 
inaccessible  waUs,  which  towards  the  south  still  show  indical 
movement,  and  still  have  a  high  temperature.  I  find  by  calci 
that  the  area  of  Xea  Koimeni,  which  before  1866  amounted 
millions  of  sfimire  feet  (220  acres)  has  since  been  increased  I) 
millions  of  stjuare  feet  (310  acres).  Thus  the  present  erapti< 
done  much  more  in  two  years  than  did  the  eruption  of  last  ceni 
five  years.  On  account  of  the  great  depth  of  the  water,  ai 
continual  access  of  the  open  sea,  the  temperature  of  the  wate 
the  coast  has  not  been  remarkable,  ranging  between  77°  and  1 
In  fissures  of  the  lava,  however,  the  temperature  of  the  water 
unfrequently  158°  F.  At  the  northern  foot  of  the  old  cone,  i 
the  neighbourhood  of  the  former  mole,  thermal  springs  rise 
level  of  the  sea,  whose  temperature  in  January  1868  was  from 
to  140"^  F.  At  the  eastern  side  and  towards  the  southemmoi 
tremity  of  the  new  deiK>8it,  there  are  still  numerous  white 
roles.  There  ore  others  like  them,  but  on  a  smaller  scale,  at  tl 
of  the  old  cone.  Of  the  four  islands  of  the  4th  May  there  an 
only  thnxt  visible.  They  are  composed  of  rock  of  a  deep-black  c 
glassy  and  fine-grained,  but  not  altogether  like  obsidian.  C 
westside  of  Nea  Xaimeni,  the  old  George  Harbour  has  been  great 
proved  by  the  new  rock  upheaved  on  the  southern  and  western 
It  is  now  from  eight  to  nineteen  fathoms  deep,  and  safe  ev 
large  ships.  On  the  other  hand,  the  channel  between  Nea  and 
Xaimeni  is  now  much  encroached  upon  from  the  eastern  sid 
shallowed  to  two  fathoms,  so  that  it  is  only  passable  for  boats 

It  is  known  that  the  eruption  of  1866  commenced  with 
pression  of  the  bottom  of  the  volcano-harbour.  In  February  < 
year  I  was  informed  by  Herr  L.  Palassa  of  the  splitting  and 
ing  down  of  the  old  cone,  and  also  of  the  gradual  subsidence 
mole  on  tlio  northern  foot  of  the  hill.  In  January  1868  we 
the  mole  quite  under  water,  and  almost  entirely  invisible^  ai 
the  buildings  around  already  partly  submerged.  The  depress 
the  old  cone  had  advanced  very  manifestly  since  1866,  and  the 
southern  side  of  the  Micra  Koimeni  had  shrunk  so  much  t 
estimated  the  result  at  nut  less  than  three  feet  In  Palaia  Ka 
I  could  find  no  satisfactory  evidence  of  similar  subsidence  ;  a 
George  Harbour,  on  the  western  side  of  Nea  Kaimeni,  the 
was  also  slight.  The  Aphroessa  has  long  since  disappeared  ;  ; 
have  not  even  been  able  to  recognize  its  precise  position,  on  ac 
of  the  great  development  of  the  lava  towards  the  south-west. 

The  "  George  "  volcano  is  at  present  higher  than  its  noi 
neighbour,  the  old  cone  undergoing  sul)sidence.  Its  height  is 
li25  English  feet.  It  is  a  very  regular  hill,  with  a  slope  of  from 
32^,  and  is  everywhere  covered  with  ashes.     It  sends  out  a 
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towards  the  south,  which  is  of  a  reddish-hrown  colour,  and  has 
numerous  fumaroles,  this  spur  much  resembling  that  whidi  projects 
from  the  old  cone  towards  the  north-west.  The  summit  is  trun- 
cated, and  exhibits  a  large  shallow  crater  with  many  holes,  from 
which  from  time  to  time  issue  the  eruptions  of  ashes  that  coyer  the 
surrounding  district.  A  low  cone  rises  out  of  the  crater ;  and  from 
openings  in  this  a  glowing  red  light  is  seen  even  in  the  daytime, 
lliis  cone  is  subject  to  upheaval  and  depression  in  a  very  singular 
manner,  being  acted  on  by  the  irregular  eruptive  force.  I  shall  take 
another  opportunity  of  alluding  to  these  oscillations,  as  observed  by 
the  telescope  from  a  distance.  Surrounding  the  base  of  the  George 
cone,  stretches  a  broad  ring  of  large  erupted  stones  that  have  rolled 
down  the  slope.  On  the  dark  ground  of  the  slope  are  streaks  of 
lighter  colour  radiating  from  the  top,  and  composed  of  white  pumice 
and  small  light- coloured  fragments.  On  the  west  side  dolerite  ap- 
pears, of  red-brown,  violet,  and  even  greenish  colour,  reduced  to  the 
condition  of  cinders  or  volcanic  ash  (lapilli)  by  the  action  of  fuma- 
roles,  which  break  out  there  and  on  the  outer  ring  of  the  crater. 

The  eruptions  are  tolerably  frequent,  generally  magnificent  in  ap- 
pearance, and  can  be  seen  in  fine  weather  frc»n  most  of  the  Cycladian 
islands.  I  watched  several  on  the  30th  December,  1867,  from  the 
hills  of  the  island  of  Syra,  a  distance  of  70  geographical  miles.  Gene- 
rally there  is  an  eruption  of  stones  and  ashes  at  intervals  of  six  or 
seven  minutes  ;  but  sometimes  the  intervals  are  frx)m  ten  to  thirteen 
minutes.  If  we  regard  the  great  eruption  of  February  1866  as  of  the 
first  rank,  all  those  that  we  observed  in  1868  must  be  regarded  as  of 
the  third  to  the  fifth  rank.  There  are  now  also  intervals  of  complete 
rest  lasting  many  minutes.  The  eruptions  of  ashes  and  stones  take 
place  very  suddenly,  sometimes  with  dull  rumbling  noises,  sometimes 
with  a  sharp  explosion,  and  sometimes,  though  rarely,  resembling  a 
discharge  of  heavy  artillery,  at  the  distance  of  a  mile  from  the  spot 
where  ^e  observer  is  stationed.  Immediately  after  the  eruption  of 
ashes,  rushing  and  hissing  columns  of  white  steam  succe^,  and 
these  are  followed  by  faint  yellow  noiseless  issues  from,  the  cen- 
tral fumarole.  None  of  the  stone-showers,  and  no  single  red-hot 
stones  are  thrown  more  than  400  feet  above  the  crater.  At  night 
the  intensity  of  the  volcanic  fire  derived  from  the  combination  of 
red-hot  stones,  hot  and  glowing  ashes,  and  columns  of  steam  (com- 
paratively unimportant)  presents  a  grand  spectacle  for  contempla- 
tion. There  were,  however  (at  least  so  far  as  could  be  made  out  by 
the  telescope),  no  indications  of  real  flame,  such  as  were  so  distinctly 
seen  and  so  well  described  in  1866.  We  observed  occasionally  at 
night,  from  the  sea,  on  the  surface  of  the  still  moving  lava,  a  few  red 
spots  (blocks  still  glowing),  but  on  no  occasion  any  true  flame. 

The  quantity  of  ashes  that  have  been  ejected  since  1866  is  con- 
siderable ;  and  the  irregular  summit  of  the  old  oone,  as  well  as  that 
of  Micra  Kaimeni,  are  on  this  account  hardly  to  be  reoognixed,  and 
cannot  be  traversed  everywhere  without  danger.  The  ashes  are  for 
the  most  part  black,  fine-grained,  and  full  of  very  fine  pores ;  once, 
however,  they  were  white,  soft,  and  dusty.    With  a  fr^h  west  wind 
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blowiugy  it  took  two  and  ahalf  minntei  to  faring  Uie  nhflft  from  tlie 
orater  as  far  as  our  ship,  ^  distanoe  of  1400  yandB. 

It  is  impossible  to  predicate  anything  at  praaent  with  regud  to 
the  cessation  of  the  emptiony  although  if  ita  present  itata  is  com- 
pared with  that  of  1866  it  will  be  found  to  have  ohanged  aofvieml 
times,  and  to  have  diminished  in  intensity.  The  apparent  alowaem 
'of  the  advance  towards  the  sonth  is  doe  to  the  depth  of  water,  wliidi 
is  more  than  30  fathoms.  For  some  years  the  Santorin  eruption  will 
reward  observers.  I  must  postpone  to  a  future  day  my  numeiou 
notes,  observationB,  and  measurements,  and  at  present  only  offer  this 
general  notice  of  the  present  state  of  the  Toloano. 

BiBCUBSIOV. 

Capt.  Spkatt  pointed  out  that  this  was  only  one  of  the  many  peaka 
in  the  centre  of  the  large  orater  of  Santorin,  which  have  risen  op 
since  the  historical  period.  In  the  poidtion  in  which  he  had  anchoted 
but  six  or  seven  years  ago  there  is  now  a  hill  upwards  of  dOO  feet  in 
height,  according  to  the  latest  Admiralty  survey  of  the  new  land  at 
Nea  Kaimeni,  dated  October  1867. 

Sir  RoBERicK  MvRciusov  referred  to  the  oommunications  to  the 
French  Academy  relative  to  the  dhemical  products  of  the  craption, 
and  their  relation  to  those  of  Vesuvius  and  other  volcanoes. 

Mr.  Forbes  directed  attention  to  the  fiust  alluded  to  in  the  late 
President's  Anniversary  Address,  that  the  lavas  of  this  volcanic  ont- 
burst  were,  at  its  commencement,  trachytes,  or  of  highly  irilioated 
character,  but  afterwards  were  basio  lavas,  thus  proving  that  rocks 
of  totally  different  characters  and  chemical  composition  (respeotiTely 
analogous  to  the  granitic  and  trappean  rooks  of  former  periods) 
might  proceed  from  a  volcanic  focus  during  an  emption. 

Prof.  Ansted  called  attention  to  tiie  probafala  eonnerion  of  the 
eruptions  in  these  islands  with  those  of  Yesuvins  and  Etna,  and  men- 
tioned that  Baron  von  Waltmhausen  had  presented  to  the  Society 
photographs  of  his  magnificent  original  drawings  of  the  whole  rogioii 
of  Etna,  which  were  upon  the  taUe,  and  of  which  only  tilirae  oopiee 
were  taken  on  a  larger  scale  than  the  pnfaUslied  maps. 

2.  On  the  Btructubb  of  ihe  CiAO-nDS  of  Konoix  ami  BomoM^ 
mth  9ome  Obsxbvatioiis  on  DMr  Omiuaa  BawAxvs. — ^Fait  IL 
The  Red  Crao  of  Suivolk.  By  Jesns  PkHrwicB^  BBq.yFJL&» 
F.G.8. 

[The  publiostioii  of  this  pspcr  is  anafoidabfy  dsfaied.] 

(AbitnflL) 

The  superposition  of  the  Bed  Grsg  to  flm  OonUne  hmria^  basft 
dearly  shown  by  previous  writen,  tte  anthiir  oontnss  Us  tmm  to 
those  questions  on  which  diftvenoss  of  opinwn  sfefll  sodrt^  mmdj^ 
the  structure  of  the  BedGrBig,its  aflaitm  willi  flie  OonlliM^  mid 
its  exact  relation  to  the  MsmmaBfcffoes  Obsg  of  JssiJb  IhiiBid 
Crag  of  Suflblk  is  described  as  ucenpyim  sa  sbbbimM  MSfritt  Am 
Gbralline,  wri4»inng  round  Am  isolsM  leefc  of  tt»  Isftl^ 
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the  hollows  between  them,  and  occupying  a  similar^  and  sometimes 
a  rather  lower  level  than  the  summits  of  these  older  reefs.  It  forms 
such  an  extremely  variable  series  of  beds,  that  the  author  has  been 
unable  to  observe  any  definite  order  of  succession  in  the  greater  part 
of  it ;  but  he  remarks  that  oblique  lamination  is  most  strongly  de- 
veloped in  the  lower  and  central  portions,  and  that  almost  every- 
where there  occurs  at  the  base  a  bed  of  phosphatic  nodules,  although 
deposits  of  that  nature  are  by  no  means  confined  to  one  level.  Old 
sea-cliffs  of  Coralline  Crag,  and  remains  of  old  sea-beaches  at  their 
base,  are  described  by  Mr.  Frestwich  as  occurring  at  Sutton ;  and 
he  also  gives  detailed  descriptions  of  the  numerous  pits  in  the  Red 
Crag  of  Suffolk  where  the  phenomena  which  he  describes  may  be 
observed.  Dividing  the  Red  Crag  into  an  upper,  frequently  unfoe- 
siliferous  member  (the  fossils  of  which,  being  most  frequently  in  the 
position  in  which  they  lived,  may  be  regarded  as  truly  representing 
the  fauna  of  the  period),  and  a  lower,  fossiliferoiis  portion  (in  which 
the  shells  are  found  mostly  in  a  broken  and  comminuted  state,  and 
mixed  largely  with  fossils  derived  from  the  older  Coralline  Crag),  the 
author  describes  their  distribution  in  Suffolk,  and  their  mode  of 
occurrence  on  the  eroded  Coralline  Crag,  referring  more  especially  to 
the  difficulty  in  drawing  the  line  between  them  in  many  cases. 

In  treating  of  the  organic  remains  of  the  Red  Crag,  Mr.  Frestwich 
gives  lists  of  the  shells  found  at  the  different  localities,  which  had 
been  prepared  with  the  aid  of  Mr.  Gwyn  Jeffreys,  Taking  the  local 
conditions  into  consideration,  eliminating  the  extraneous  fossils  of 
the  Red  Crag  of  Sutton,  Butley,  <&c.,  and  excluding  the  freshwater 
fossils  of  the  more  northern  districts,  the  author  regards  the  re- 
maining fossils  of  the  two  divisions  of  the  Red  Crag  as  being  so 
closely  related  that  the  whole  group  must  palaeontologically  be 
treated  as  one.  Mr.  Searles  Wood  has  given  the  total  number  of 
species  of  its  MoUusca  as  239 ;  to  these  Mr.  Gwyn  Jefi&eys  has 
added  six  additional  species  ;  on  the  other  hand,  he  regards  ninety- 
nine  of  them  as  varieties  and  extraneous  fossils,  leaving  146  species 
belonging  to  the  Red  Crag.  Of  these  Mr.  Jeffreys  has  identified 
133,  or  92  per  cent.,  with  living  species,  115  still  being  inhabitants 
of  British  seas,  15  being  found  in  more  northern  seas,  and  3  in  more 
southern. 

From  the  Mammaliferous  Crag  of  Norfolk  and  the  Red  Crag  of 
Suffolk  never  having  been  found  in  superposition,  from  the  circum- 
stance that  just  at  the  point  where  the  latter  ceases  the  former 
begins,  as  well  as  from  the  community  of  so  many  species  of  organic 
remains,  the  author  regards  the  two  deposits  as  equivalent ;  and  he 
attributes  their  distinctive  characters  partly  to  the  extraneous  fossils 
in  the  Red  Crag,  and  partly  to  the  difference  in  the  conditions  which 
prevailed  in  the  two  areas  at  that  time,  and  especially  to  the  more 
Uttoral  and  brackish- water  conditions  which  prevailed  in  the  Norfolk 
area.  In  conclusion,  Mr.  Frestwich  gives  a  sketch  of  the  phyBical 
history  of  the  Red-Crag  period,  describing  the  mode  in  which  the 
various  phenomena  which  he  notices  have  been  produced. 
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DI8CUS8ION. 

The  Kev.  Mr.  Gunn,  in  opposition  to  the  view  of  the  foresi-bei 
bt'injj:  placed  above  the  Cliillosford  Clay,  mentioned  that  at  East.-: 
Bo  vent,  where  the  latter  has  been  supposed  to  occur  in  the  »*liff.  :•: 
had  seen  the  forest-bed  exposed  on  the  shore.  He  instanced  oth')r 
cjuses  where  the  forest-bed,  in  his  opinion,  underlies  the  niiUrtf.r': 
Clay  and  Sands,  and  supjwrted  his  views  by  the  evidence  of  thf 
Mammalian  r(»mains  of  the  different  beds,  and  especially  the  suforf- 
sion  of  the  Mastodon  ArvemenslSf  the  ElepJias  ineridio7ittUs,  E.  im- 
tiquHS,  and  E.  priniujcnlu.^.  He  regretted  the  absence  of  any  men- 
tion of  the  Mjimnuds  of  the  Red  Crag. 

Mr.  (iwYN  Jeffreys  made  some  remarks  on  the  subJ€H?t  of  sptvi»>. 
and  explained  how,  from  a  comparison  of  a  largo  nuinl>er  of  s|)(\i- 
mens,  he  had  in  many  instances  been  led  to  reduce  what  had  for- 
merly been  considered  distinct  sjMJcies  into  mere  varieties  of  tL" 
same  species.  He  corroborated  the  views  of  the  author  as  to  t.v: 
j)reseiice  in  the  Ked  Crag  of  numerous  fossils  of  the  Coralline  Croi. 

T)r.  CoiuioLD  tjtated  that,  from  a  microscopic  examination  of  th*^ 
phosjibatic  nodules,  he  had  established  the  existence  in  them  "I 
U^idiolariie  and  Diatomaceaj,  and  esi)ecially  of  ArachnoidlsrHx  rv- 
coueis,  the  liadiolariaj  being  chiefly  of  the  division  Aca n thorn etr*.  il: 
three  forms  being  purely  marine. 

Mr.  Chakleswortu  commented  on  the  remarkable  fact  that  in  a 
few  thousand  8(|uare  feet  of  Coralline  Crag  we  have  a  fauna  as  ii- 
teiisive  as  the  whole  British  Molluscan  fauna.  He  considered  that 
at  present  the  attempt  to  solve  the  question  of  the  age  of  the  Rt^ 
Crag  was  hopeless,  mainly  from  the  difficulty  of  recognizing  ex- 
traneous fossils.  He  expresse<l  his  disappointment  at  the  fish-fauu 
of  the  Ked  Crag  not  having  been  noticed  by  the  author.  The  ttvth 
whieh  were  common  to  the  Eocene  and  Red  Crag  had  usually  somo 
phosi)hatic  matter  adherent.  Those,  on  the  contrary,  which  only 
oceur  in  the  Crag,  never  have  any  phosphatic  matter  attached.  He 
therefore  regarded  the  former  class  as  derivative,  but  the  latter  a& 
belonging  to  the  deposit  in  which  they  occur. 

Mr.  8EAKLES  Wood,  jun.,  denied  that  the  Red  Crag  was  the  one 
homogeneous  dej)osit  divided  into  two  beds  represented  by  Mr. 
Prestwich ;  he  ])rotested  against  the  Walton  and  Butley  deposits 
being  regarded  ns  one  and  the  same,  the  former  bearing  more  affinity 
to  the  C'oralline  Crag,  and  Imng  therefore  probably  the  older. 

Mr.  PREsTWicn,  in  reply,  explained  that  ho  did  not  intend  to 
omit  the  list  of  Mammalian  remains  of  the  Red  Crag,  tables  of  which 
were  u])pendcd  to  the  paper ;  the  greater  part  of  them,  however,  he 
regarded  as  derivative.  With  regard  to  the  relation  of  the  Chilles- 
ford  beds  to  the  forest- bed,  he  had  never  se^n  a  section  in  which  the 
latter  underlies  the  former ;  the  Cliillesford  beds  at  Easton  Bavent 
are  underlain  by  sandy  beds  referable  to  the  Norwich  Crag.  He 
considered  that  some  division  in  the  lower  bed,  as  suggested  by  Mr. 
Searlcs  AVood,  was  to  be  found. 
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JuifE  3,  1868. 
M.  Albert  Gaudry  was  elected  a  Foreign  Correepondent. 
The  following  communications  were  read : — 
1.  On  some  CABBONiFEBors  Corals.     By  Jakes  Thomsok,  Esq., 

[Communicated  by  Dr.  P.  M.  Duncan,  F.KS.,  Sec.G.S.,  Ac.] 

[Abstract] 
In  the  *  History  of  Rutherglen  and  East  Kilbride '  by  the  Rev,  D.  Ure, 
Parish  Minister  of  East  Kilbride,  in  Clydesdale,  there  is  figured  a 
cup-cond,  the  description  of  which  refers  only  to  the  external  form, 
and  the  name  given  to  it  was  simply  Fungites,  Since  then  it  has 
received  various  names  from  the  following  writers : — 

Fungites,  llev.  D.  Ure,  Hist,  of  Ruth.  &  East  Kilb.  p.  327,  pi.  20. 

fig.  6:  1793. 
Turhinolia  fumjites,  Flem.  Brit.  Anim.  p.  610 :  1828.     S.  Wood- 
ward, Syn.  Tab.  of  Brit.  Org.  Rem.  p.  7 :  1830. 
Cyathophi/llum  fungites,   Geinitz,   Grund.    der  Verst.   p.   671 : 

1845-6. 
ClisiophyUum  prolapsum,  M'Coy,  Ann.  &  Mag.  Nat.  Hist.  2nd 

scr.  vol.  iii.  p.  3 :  1849, 
AidophyUum  prolapsum,  Edw,  &  Haime,  Brit.  Foss.  Corals,  Intro- 
duction, p.  70 :  1850. 

fungites,  Edw.  &  Haime,  Pol.  Foss.  des  Terr.  Pal^oz.  p.  413 : 

1851. 
CUsiophyllum  prolapsum,  M*Coy,  Brit.  Palaeoz.  Foss.  p.  95,  PI.  3  C, 

fig.  5 :  1851. 
Recent  investigations  into  the  internal  structure  warrant  us  in 
dissociating  it  from  any  of  the  generic  names  it  has  received,  and 
raising  it  to  the  rank  of  an  independent  genus  with  a  descriptive 
title. 

The  author  then  gave  descriptions  of  the  genera  CyathophyUum, 
ClisiophyUum,  and  Aulophyllum,  and  of  the  new  genus,  CyclophyU 
lum  (Duncan  and  Thomson). 

The  characteristics  of  each  of  these  genera  are  sufficiently  marked 
to  warrant  their  generic  distinction. 

The  ascending  convex  vesicular  dissepiments  in  the  middle  area, 
the  mesial  columella  in  the  vertical  section,  and  consequently  the 
exserted  conical  boss  in  the  centre  of  the  calice  separate  the  genus 
ClisiophyUum  from  the  other  genera  of  CyathophylJidaB. 

It  differs  from  Cyathophyllum  in  the  latter  having  no  columella, 
the  columellar  space  being  filled  up  by  closely  set  tabulsB. 

In  Aulophyllum  the  tube-like  mass  in  the  centre  of  the  corallom 
is  occupied  by  minute  tabula). 

DlSCUSSIOK. 

Dr.  DuircAN  said  that  the  existence  of  a  columella  was  a  generic 
distinction  in  recent  and  mesozoic  corals,  that  the  type  of  the  palsd- 
ozoic  Cyathophyllidse  was  reflected  in  the  Lower  liassic  coral-fauna 
of  South  Wales  and  the  west  of  England,  and  that  there  was  a 
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Is  the  niaiiuscript  i 
Library  of  thia  Society,  illiistrai 
of  that  part  of  the  Thames- valL 
1  and  2  of  the  Ordnance  Survey- 
subject  of  certain  pebble-beds  ^ 
shot  Sand ;  but  being  anxious  to 
on  the  Postglacial  structure  of  1 
memoir,  which   is  printed  in 
Journal  (p.  394),  I  made  no  all 
communication  to  the  Society  b 
plains  of  Hertfordshire  and  tlieii 
notice  of  them  before  the  Society 
The  beds  so  referred  by  me  i 
rolled  flint  pebbles,  with  a  few  oi 
any  other  material  being  presen 
Wood,"  one  mile  and  a  half  nort 
many  qnartzitea  of  similar  rolled 
position,  form,  and  structure  of  tl 
known  pebble-bed  beneath  the  L 
wich  as  a  local  modification  of  tl 
principal  difierence  being  the  at 
pebblea  bo  numerous  in  the  latter 
condition  which  that  bed  in  oni 
peculiar  feature  attaching  to  the 
tion  to  their  almost  esclosively 
inrsriably  present  where  any  of 
and  never  occur  except  on  the  na 
are  acattared  through  South  Eaa 
able  admixture  of  elav:  nnA  "-»■■ 
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rest,  with  a  well-defined  line  of  division,  and  somewhat  unconform- 
ably,  upon  the  Lower  Bagshot  Sand  ;  but  sometimes  they  appear  to 
be  interbedded  with  the  upper  part  of  that  sand  itself.  Although 
the  Glacial  Clay  is  in  several  parts  in  the  closest  contiguity  to  these 
beds,  the  two  have  obviously  no  connexion  with  each  other,  since  the 
former  lies  up  against  the  pebble-beds,  and  occupies  slight  depres- 
sions eroded  through  them,  as  at  Pilgrim's  Hatch  in  the  accompany- 
ing section.  Nothwithstandiiig  their  close  contiguity  to  the  Glacial 
Clay,  the  pehhJes  never  rest  upon  it,  and  are  thus  shown  not  to  be  of 
Postglacial  age ;  while  their  constituent  material,  rounded  condi- 
tion, and  places  of  occurrence  equally  remove  them  from  any  con- 
nexion with  the  Middle  Glacial  Gravel.  These  features,  found  to  bo 
constant  over  all  the  tableland  on  the  north  of  the  Thames,  have  for 
several  years^  past  induced  tne  to  regard  the  beds  in  question  as  not 
improbably  of  Eocene  age,  and,  from  their  invariable  association 
with  the  Ix)wer  Bagshot  Sand,  as  having  belonged  either  to  the  close 
of  that  formation,  or  else  as  representing  in  these  parts  the  Middle 
Bagshot  of  Surrey.  In  either  case  their  bearing  upon  the  geogra- 
phical changes  during  the  Eocene  period  would  be  the  same,  since 
they  would  thus  indicate  that  the  final  recession  of  the  Eocene  sea 
from  Middlesex  and  Essex  was  coeval  with  the  commencement  of 
the  rich  fossiliferous  marine,  estuarine,  and  freshwater  series  of 
Hampshire,  which,  geologists  seem  agreed,  took  place  at  the  close 
of  the  Lower-Bagshot  period. 

The  association  of  these  pebble-beds  with  this  event,  however,  is 
only  a  provisional  one,  and  one  adopted  for  want  of  some  satisfactory 
evidence  of  the  occupation  of  Middlesex  and  Essex  by  the  sea 
between  the  Lower-Bagshot-Sand  period  and  the  Glacial.  The 
principal  point  connected  with  these,  to  which  I  desire  to  call  atten- 
tion, is  their  disconnexion  with  the  gravels  either  of  the  Glacial  or 
Postglacial  series,  and  more  particularly  their  distinction  from  the 
gravel,  principally  made  up  of  pebbles  (but  of  which  many  are 
broken),  that  underlies  the  Glacial  claij  at  high  levels,  lately  described 
by  Mr.  T.  M^K.  Hughes  as  "  Gravel  of  the  Higher  Plain  of  Hertford- 
shire." 

If  the  evidences  upon  which  Mr.  Prestwich  relies  as  indicative  of 
the  denudation  of  the  Eocene  Tertiaries  over  a  portion  of  Kent,  and 
the  occupation  of  that  denuded  area  by  the  sea  during  the  period  of 
the  Coralline  Crag,  or  of  some  anterior  part  of  the  Diestien  Series, 
were  sufficiently  unequivocal  to  justify  us  in  assuming  that  the 
Coralline  Crag,  or  some  yet  older  Pliocene,  or  some  newer  Miocene 
sea  washed  a  dome  of  chalk  protruding  through  the  lower  Ter- 
tiaries, we  might  associate  the  pebble-beds  which  thus  invariably 
accompany  the  Lower  Bagshot  outliers  with  such  a  geographical 
feature,  and  refer  them  to  the  older  Pliocene,  or  newer  Miocene 
period.  We  may  fairly  assume  such  an  age  as  one  of  the  possi- 
bilities connected  with  them ;  for  the  somewhat  unconformable  posi- 
tion which  the  pebbles  occupy  relatively  to  the  Lower  Bagshot  on 
which  they  rest  would  assist  their  separation  from  the  Bagshot 
Heries  ;  and  could  the  presence  of  the  sea  over  Kent  during  the  Dies* 
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I'uMi  ])tTio(l  1)0  ostal>li^ln.'(l,  tho  reference  of  the  pebble-betb*  in  -jSt^ 
tioii  to  that  period  would  perhaps  be  the  most  probable  hvj-'tLe*> 
that  we  eiiiild  adopt.  NevertheU-ss  the  great  extent  ot  o»ui.a; 
whieh  the  riinjrc*  <»f  liagshot  outliera  shoiv  these  becLit.  uncuvt-n:-:  :; 
any  other  deiH>sit,  oneo  to  have  occupied  is  more  consonant  w~t: 
what  we  HhouUl  8Upi)ose  would  result  from  the  desertion  of  ;in  a::- 
hy  a  i)reexi.stin^  Bea  than  from  tho  oeeu[):ition  of  it  by  a  nt-vr  •••;■.. 
iM'causi'  stich  iKjich-rolliKl  iH3bbles  an  these  inijily  verj'  shallow aL- 
ditioiis  (luriiijx  their  aeeunuilation,  and  an  ailvaiioin^r  sea  woul«l  l-ra 
cither  (lt'j)<)sits  a**  it  proj^rossed  over  the  pebbles  which  had  lirst  iio.> 
iiiulated  alonj;  its  marj^in,  and  of  these  we  find  no  trace  ;  wht-n-JKi 
receding  sea  (such,  lor  example,  as  that  whieh  had  ahvady  dop"?ii-.^i 
tlie  I^ower  IJajfshot  Sand)  would  accumulate  .successive  fringes  of  itfl*- 
hles  alon^  its  margin  as  it  receded,  which  would,  as  the  sea  abaiitl'iiifi 
tliem,  ho  left  \ineovered  by  any  other  dejiosit.  Looking  at  the  feature 
whicli  obtain  over  the  area  dividing  these  pebble-bed.s  from  the  ll«.-i 
and  ('••rallincCraji:  area  of  Suifolk,  nothing  is  presented  whiih  wo"L 
( •  »nni(t  itself  with  them  in  that  direction.  Should  their  accmnulati«.L. 
thri«'f«»re,  have  htjen  due  to  an  older  Pliocene  sea,  that  8<.»a  must.  1  !=u**- 
niit,  have  been  one  occupying  the  south  of  England,  and  cnnet.tirj 
itself  with  the  older  Pliocene  of  Xormandvnientiuned  by  Sir  C'harli- 
Lvell  *,  or  with  the  newer  Miocene  of  Touraine,  and  not  with  um"  is 
llie  direction  of  Suffolk. 

The  pelible-lu'ds  in  (juestion  occur  in  E.Hsex  on  tlie  Jiairsh«»t  at 
Hrentwoixl,  Shenlield,  and  Warlev  (where  thev  an*  in  their  ^rcat'^t 
thiekness.  approaehinjr  lio  feet),  and  at  HighWach  and  Jack's  H:K. 
to  the  south- wot  of  Kpping.  At  Norton  Heath,  near  tbigar,  thrv 
are  ]»re,-ent  on  a  small  exposure  of  jiagshot  Sand  whicli  ri.ses  as  t 
boss  throu;i;h  tlie  (Jlacial  CMay.  They  aiv  also  present  on  the  liagshul 
at  Frieniing  Church,  and  in  the  woods  two  miles  north  of  it.  in 
W  little  Park  Wood  (two  miles  further  eaist),  at  Stcx'k,  at  Bille- 
rie;iy,  at  Ki'lvedun  CVnnmon,  and  near  IJentley  Mill — akso  betwt-en 
I'll;: rim's  Ilateli  and  South  Weald,  at  Havering,  and  on  I^ng<i'»n 
Hill.  I  .ilso  fnund  slijrht  traces  of  them  on  the  Rng.shot  at  I^raboarn 
I'jiil,  ne.ir  C'lii,:^well,  and  at  the  opposite  extremity  «if  the  county. oa 
tlie  JJajr^hot  at  Payleigh.  A  very  similar  bed  of  pebbles  occurs  on 
(lalhywond  Common,  near  Chelmsfoifl  (where  slight  traces  of  the 
base  of  tlu^  li  ijrshot  Sand  occur),  the  (ilacial  Clay  King  close  up 
airaiu'-t  them,  but  never  underlying  them.  Their  oeeurrenec  in 
Mid«ll(<ex  is  contincd,  so  far  as  I  know+,  to  Hampstead  Heath. 
wIh  re  traces  of  tlnni  are  visible  distributed  over  the  surface  of  tho 
i'xtnine  summit  of  the  Ixjwer  IJagshot  cmtlier  there,  their  present 
])o>itii»n  there  being  apparently  due  to  re^h'jxisit  by  the  Pastglacial 
denudation  ;  but  they  are  in  decided  contrast  to  the  snndl  ]vitch  of 
fin(*  I'ostglacial  angular  gravel  hanl  by,  on  which  the  fir  trees  near 
**  the  Spaniards"  grow.  I  have  not  visited  the  Lower  Bagshot  outlier 
on  Sheppey  :  but,  according  to  a  paper  by  Mr.  AVeston,  in  the  loth 

^  '  .Manual.*  .'Inl  •'«!   p.  Ifti;. 

^  .Mr.  Prr^iwi.-li  iuliiniiM  mo.  liowi«vcr,  thiit  u  ImhI  of  r»>llccl  flint  |H.*bh!ei«  e.ip 

tlu«  l»:i>:.s|ii>t  iiutliiT  nl"  Il:irrow. 
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volume  of  the  Quarterly  Journal,  rounded  pebbles  are  scattered  over 
this  outlier  also.  We  derive  no  assistance  in  the  reference  of  these  beds 
to  their  true  geological  age  from  organic  remains,  as  they  appear  to 
be  entirely  destitute  of  anything  of  the  sort. 

It  is  important  to  observe  that  some  of  the  earliest  Postglacial 
gravels  have  been  chiefly  made  up  of  these  beds  redeposited ;  and  in 
such  form  they  are  sometimes  difficult  of  distinction  from  the  original 
bed.  These  redeposited  pebbles  may,  however,  usually  be  distin- 
guished by  the  presence  among  them  of  angular  flints,  derived  from 
the  denudation  of  the  Glacial  Clay ;  but  as  the  two  sets  of  gravels  are 
often  in  conjunction,  without  any  distinct  line  of  demarcation,  care 
is  required  not  to  confound  them,  almost  every  mass  of  these  older 
pebbles  being  overlain  by  a  few  feet  of  Postglacial  pebble-gravel, 
which,  though  made  up  of  the  redeposit  of  the  older  bed  beneath  it, 
contains  an  intermixture  of  stones  derived  from  various  rocks.  The 
pebbles  of  the  beds  which  I  have  first  described,  namely,  those  in- 
variably associated  with  the  Bagshot  outlier,  and  numbered  4,  have 
also  been  redistributed  by  the  Postglacial  denudation  in  the  form  of 
feeble  gravels,  and  gravelly  warp,  over  the  London  Clay  and  passage- 
beds — their  chief  places  of  occurrence  in  this  form  being  at  Hawk's 
Hill  Wood,  Ongar  Park  Wood,  Tawney  Wood,  and  Beachet  Wood, 
all  on  the  east  and  south-east  of  Epping  in  Essex.  These  feeble 
gravels  and  gravelly  warp  are  omitted  from  the  section  accompanying 
this  paper. 

In  addition  to  this  the  pebble-beds  (No.  4)  appear  to  me  to  have 
formed  the  principal  source  of  the  pebbly  gravel  which,  in  an  inter- 
mittent way,  underlies  the  Glacial  Clay  in  places  where  that  clay  is 
at  high  elevations  in  Essex,  Middlesex,  and  Herts ;  this  pebbly 
gravel  is  that  described  by  Mr.  Hughes  as  the  "  Gravel  of  the  Higher 
Plain,"  and  is  shown  in  the  accompanying  section  by  the  number  6. 
The  distinction  of  this  from  the  more  extensively  distributed  Middle 
Glacial  gravels,  which  similarly  underlie  that  day  (but  in  these 
counties  at  lower  elevations),  I  also  pointed  out  in  the  memoir 
before  referred  to.  The  same  desire  to  compress,  however,  caused 
me  to  omit  from  the  paper  on  the  Postglacial  structure  of  the 
south-east  of  England  any  reference  to  them,  beyond  a  symbol  *  in- 
dicative of  their  place  in  the  diagram-sections,  which  were  given  in 
that  paper  (vol.  xxiii.  p.  396)  for  the  purpose  of  showing  the  mode 
in  which  the  incidence  of  the  Glacial  Clay  took  place  over  the  area 
now  forming  the  northern  heights  of  the  Thames  valley.  The  oc- 
currence of  what  I  deem  the  same  bed  in  Herts  having,  however, 
formed  the  subject  of  the  paper  of  Mr.  T.  M*K.  Hughes,  before  re- 
ferred to,  I  think  it  desirable  to  advert  here  to  what  1  believe,  from 
a  study  of  it  in  the  parts  lying  beyond  that  embraced  in  Mr.  Hughes's 
paper,  to  be  its  age  and  origin,  having  come  to  a  different  condusion 
on  this  point  frx)m  that  gentleman. 

*  See  bod  6'  in  figs.  2  &  3,  p.  396,  of  the  23rd  toI.  of  the  Quarterly  Journal ; 
unfortunately,  by  a  typographical  error,  tbatBymbol  is  omitted  in  the  deecriptiye 
reference  to  thotje  diagrams,  and  should  come  in  between  the  words  "  clay  "  and 
**  occasional  *'  in  the  description  of  bed  No.  6  in  those  diagrams. 
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1  sli'>uld  promises  first,  bv  bcarin*;^  testimony,  so  far  as  my  o' 
sinatioiis  oxtciul,  to  the  careful  and  precise  delineation  o 
}»('(ls  as  distinguished  from  llie  Middle  (ilueiul  Gravel,  tem 
him  '*  (Jravel  of  the  Lower  Plain,"  which  Air.  irufrhe.s  ha.s  m 
that  there  can  be  no  confusion  as  to  the  actual  bed  intendul 
discussed,  since  wt^  f«)und  our  respective  lines,  where  the  d: 
exaniintMl  by  us  joined,  to  fit  exactly :  and  secondly,  hy  pointi: 
tliat  ''  this  (Jnivel  of  the  I^ower  Plain  "  is  the  same  bed  as  that ' 
in  tlic;  Inrni  of  gravrd  or  of  sand,  I  have  traced  as  extemiin^  in 
tu(»us  track  (<lue  probably  to  its  beinj*  a  dt^posit  of  narrow  eh-i 
bi-neath  the  great  lioulder-clay  (or  UpperCilacial  formation)  th 
Hertfordsliire  and  Bedfordshire  as  far  as  Buckinghamshire  an< 
r( '^tershire  on  the  nortli-west,  and  as  emerging  in  a  broader 
from  IxMieath  this  Houlder-elav,  over  much  of  Essex,  Sufloll 
Xorfolk,  Some  years  since,  I  pointed  out  that  this  sand  passe 
the  entire  srrirs  of  beds  which  form  the  Cromer-coast  sectio 
ujiprrmost  of  whicli  is  the  well-known  contorted  drift,  ani 
wlioli"  of  wliich  seri»\s  (termed  by  me  Lower  (ilacial)  seems  ei>i 
to  Norfolk  and  the  north  of  Suffolk*.  Since  then  I  havi* 
on;iagcd  in  regularly  mapjnng  the  Glacial  series  over  Sutioll 
Norfolk  in  conjunctitm  with  Mr.  Ilarmer  of  Norwich,  and  wc 
found  abundant  contirmation  of  this  order  of  .superposition 
correct ;  and  1  should  observe  that  at  the  base  of  this  ^[iddle  H 
sand  and  gravrl,  and  resting  upon  the  uppermost  member  t 
Lower  (Jlacial  series,  nam<ly.  upon  the  contorted  drift,  there  oci- 
fi'W  miles  west  of  Lowestoft,  a  similar  bed  of  Boulder-clav  !•> 
dcscrilK'd  by  Mr.  Hughes  as  oecumng  at  the  hti^o  of  the  Li 
Plain  (Iravel  in  ifertfordshire.  T  should  further  mention  that 
gravel  at  Stevenage  in  TTerls.  in  the  nn'dst  of  the  brickearth-lK 
ae.  uratelv  dexribed  bv  Mr.  Hughes  as  intercalated  in  this  M 
(ilacial  iormatioii,  I  procured  several  specimens  of  Osfna  »</" 
U(»n-an'iic  >hell  wliich  died  out  in  the  newer  beds  of  tlie  C'nii: 
is  uidvn(»\vn  in  the  Lower  Glacial  series,  and  that  Mr.  Uamici 
nnsclf  have  also  »»btained  a  Mollnsi^an  fauna  of  twentv-six  st 
from  this  middh'  division  ;  but,  as  we  hope  hereafter  to  lay  wli 
regard  as  the  structure  and  fauna  of  the  Glacial  beds  of  y»)rfoll 
Sullblk  before  the  Sucietv.  1  need  not  here  refer  to  them  fiirth* 

Now  the  pel »ble-gra vols  (termed  by  Mr.  Hughes  **  Gravels  ol 
Higher  Plain")  occur  on  the  highest  lA)ndon-clay  summits, 
extend  southward,  from  the  ti»rmination  of  his  section  at  Brirki 
(ireen,  towards  the  Bagshot  outliers  of  Hamp<tead  and  Harrow; 
although  there  remains  no  (xlacial  Clay  over  them,  there  can  be 
doubt,  1  think,  of  these  patches  being  a  continuation  of  this  "  (J 
of  the  Higher  Plain."  At  Finchley,  however,  some  1*"»  feet 
lower  than  the  smnmit  of  the  Bagshot  outlier  of  I{am|V4tea<' 
which  occur,  as  before  mentioned,  traces  of  the  same  pebble- 
as  those  first  described,  and  distinguished  by  the  figure  4  ir 
accompanying  section),  we  find  this  (Jravel  of  the   Higher  ' 

♦  S(f  also  the  diflgnim-Mdiun  nt  pp.  ."VW  &  540  of  tlie  22nd  vol.  t 

Sucioiv'x  Joiiriinl. 
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paper,  that  if  tlio  bed  No.  6  be  of  an  age  intermediate  between 
No8.  5  &  7,  it  should  occur  between  the  two  latter  where  they  are 
in  superposition.  The  bed  No.  6,  however,  is  of  such  limited  and 
exceptional  occurrence,  and  is  due,  as  I  regard  it,  so  entirely  to  the 
contiguity,  in  the  particular  parts  of  its  occurrence,  either  of  the 
pebble-beds  beneath  the  London  Clay,  or  of  bed  No.  4,  that  ite 
existence  in  any  form  sufficiently  marked  to  be  detected  over  bed 
No.  5  is  scarcely  to  be  expected.  But,  in  truth,  the  bed  No.  6  is 
sometimes,  as  at  Bencroft  Wood,  only  one  mile  from  the  termination 
of  Mr.  Hughes's  section,  so  completely  un  distinguish  able  in  general 
appearance  from  that  usually  presented  by  bed  No.  5,  that  1  felt 
constrained,  notwithstanding  its  much  higher  elevation,  to  delineate 
it  in  the  survey-map  made  by  me,  which  I  had  the  honour  to  place 
in  the  library  of  the  Society,  under  the  same  colour  and  symbol  as 
the  bed  No.  5,  and  confine  myself  to  calling  attention  in  the  Memoir 
which  accompanied  it  to  the  difference  of  level  which  existed  be- 
tween them. 

The  relative  levels  of  the  beds  in  this  part  of  Essex  are  shown  (as 
nearly  as  the  absence  of  any  figures  denoting  the  precise  elevations 
on  the  Ordnance  Maps  enables  me  to  show  them),  in  the  accompany- 
ing section,  which  extends  from  the  termination  of  that  given  by  l^lr. 
Hughes  for  twenty- two  miles  south-eastwards  to  the  brow  of  the 
Thames  valley.  The  elevation  of  what  is  clearly  the  same  bed  as  No.  6 
at  Finchley,  as  also  of  the  patches  at  Tottcridge,  Barnet,  and  other 
summits  in  Middlesex,  that  seem  to  belong  to  it,  relatively  to  the 
Bagshot  of  Hampstead  are,  I  think,  very  similar,  although  the 
absolute  elevation  of  Hampstead  Heath,  and  of  these  pebble-capped 
summits  of  Middlesex,  is  probably  some  50  feet  or  more  higher  than 
those  of  Essex  shown  in  the  section. 

The  patches  of  this  High- Plain  Gravel  that  stretch  northwards 
towards  the  centre  of  Herts  have  not,  I  think,  any  considerable 
extension,  and  not  any  such  as  would,  I  submit,  point  to  a  sub- 
mergence of  this  part  beneath  the  sea  prior  to  the  Middle  and 
Upper  Glacial  deposits*.  It  appears  to  me  that  they  have  been 
accumulated  under  the  same  physical  conditions,  and  at  the  same 
time  as  those  that  stretch  southwards  towards  the  Bagshot  outliers, 
except  that,  in  lieu  of  the  flint-pebbles  having  in  the  former  area 
come  from  the  bed  No.  4,  they  may  have  been  derived  from  outliers 
of  the  Lower  London  Tertiaries,  which,  owing  to  the  rise  of  the 
Lower  Tertiaries  towards  Herts,  were  scattered  over  the  higher 
plain  in  that  part  at  the  time  when  it  began  to  subside  beneath  the 
Glacial  sea. 

Discussion. 
Mr.  pRESTWicn  was  inclined  to  regard  some  of  the  beds  referred 

*  There  are  some  quartzose  pebble-graTols  at  high  elevations  in  Oxfordshire 
noticed  in  tlie  Memoirs  of  the  G^eological  Survey  (Memoir  for  sheet  13,  p.  55; 
Hce  also  '  Geology  of  the  Country  round  Woodrttoek,*  p.  27) ;  but  any  connexion 
between  them  and  the  bed  now  under  diHcussion  would  be  diflicult  to  trace. 
Their  relation  to  the  Glacial  Clay  does  not  appear. 
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by  the  anther  to  the  Bjigshot  series  rather  as  local  drifts  derin>d 
mainly  from  those  beds  than  as  the  beds  themselves. 

'Mr,  WniTAKER  saw  a  difficulty  in  classing  the  pebhle-bcds  ni 
l^rentwood  and  elsewhere  among  the  Bagshot  beds,  as  iu  the  London 
distiict,  at  all  events,  no  such  i)ebble-bcds  occur  in  the  Bagshot 
scM'ios. 

Mr.  Evans  pointed  out  the  extreme  improbability  of  the  gravel* 
at  the  hiph  level  having  been  deposited  at  a  later  period  than 
those  of  the  low  level,  without,  at  the  same  time,  overlying  the 
latter. 

^Ir.  Seauli-:s  Wood  considered  that  there  was  not  that  broad  line 
of  distinction  to  be  drawn  bt^tween  the  gravels  of  the  higher  and 
lowtn-  level ;  he  maintained  that  the  pebble-bods  referred  by  him  to 
the  liai2:shot  seric^s,  when  tnily  in  situ,  were  free  from  Quartzite. 


'^.  On  ^7j€  Lower  Cretaceous  Beds  o/^^^  Bas-Boflokxa IS,  u'////  »i"' * 
071  thrir  English  Eqfivalexts.  By  William  Topley,  Rsq.,  F.(i.S.. 
of  tho  (loological  Survey  of  England  and  Wales. 


(Abridged.) 

COXTESTS. 


T.  General  description  of  the  district. 
TI.  Desrription  of  the  beds. 

1.  I'pper  Grt'cnsand  and  Oault. 

2,  Jiinotion  bwls. 

t\.  Lower  (xreenwnd. 


4.  Neocoraian  (?). 
i\  Wcalden. 
fi.  Purbeok. 
in.  Conclusion. 


The  following  notes  are  the  result  of  an  excursion  made,  with  my 
colleague  Mr.  Whi taker,  in  the  summer  of  1860,  supploraented  by 
two  hasty  visits  by  myself  later  in  the  same  year. 

To  Mr.  Whitaker  and  to  M.  E.  Rigaux,  of  Boulogne,  I  am  in- 
debted for  much  Mssistance. 


I.  General  Desckiption  or  the  District. 

The  Bas-Boulonnais  forms  the  easterly  continuation  of  the  English 
"Wealden  area,  l)(>th  being  bounded  alike  by  a  well-defined  escarp- 
ment of  ('balk.  The  lowest  beds  exposed  in  the  Weald  have 
been  doubtfully  referred  to  the  Purbeck  formation ;  but  none  of 
undoubted  precretaceous  age  occur  therein  on  the  English  side  of 
the  Channel. 

In  the  Bas  Boulonnais  the  major  part  of  the  surface  is  occupied  by 
Ix)wer  Secondarv  and  PaliBozoic  beds,  the  Lower  Cretaceous  rocks 
oc(Mipying  only  a  narrow  border  at  the  foot  of  the  Chalk  C8car|imcnt, 
and  capping  the  hills  in  the  interior.  The  Chalk  falls  away  from 
the  escarpment  with  a  gentle  slope.  The  Gault  general!}*  occupies 
a  slight  depression  at  the  base  of  the  Chalk  hilU ;  but,  firom  its  di- 
minished thiekness,  the  valley  thus  formefl  is  far  less  striking  than 
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in  Kent.  The  Lower  Greensand  is  too  thin  to  make  a  constant 
feature  in  the  district ;  towards  the  south  and  south-east,  however,  it, 
together  with  the  underlying  ferruginous  sands,  forms  the  range  of 
hills  which  runs  more  or  less  parallel  with  the  Chalk,  but  without 
making  a  well  defined  escarpment.  The  hills  of  the  central  district, 
which  are  capped  by  ferruginous  sands  (Wealden),  are  mostly 
barren. 

II.  Desckiption  op  the  Beds. 

1.  Upper  Greensand  and  GfauU, — ^These  beds  differ  but  little  from 
those  seen  on  the  Kentish  coast,  and  have  been  so  often  described 
that  I  will  only  note  the  section  exposed  (in  June  1866)  in  the  new 
railway-cutting  at  Caffiers. 

Chalk-marl. 

Cbalk-marl,  with  green  grains,  sandy  and  oon-  \  o  ^^  o  lUgi. 

taining  nodules  in  the  lower  part   \ 

Greensand  with  phosphatic   nodules  passing  \  a  4.^  a  -^-i.^ 

into  yery  green  clayey  sand ITT.  j  *  ^  ^  *''^^^' 

Blue  Clay  (Gault). 

The  Gault  is  much  thinner  in  the  Boulonnais  than  in  Kent,  probably 
not  more  than  50  feet  at  Wissant.  It  has  the  same  character  in 
both  places,  and  does  not  need  detailed  description. 

2.  Juyiction  Beds, — The  layer  of  phosphatic  nodules  so  characteristic 
of  the  base  of  the  Gault  in  the  south-east  of  England  is  also  equally 
well  shown  in  the  Boulonnais. 

At  Copt  Point  this  bed  is  very  well  seen  along  the  cliff  below  the 
dark  Gault  clay.  It  is  about  1  foot  thick,  mostly  composed  of 
phosphatic  nodules  and  p3nites  in  a  state  of  decomposition  when 
exposed  to  the  air.  Wood  bored  by  moUusks  is  also  common.  The 
fossils  found  in  this  bed  are  seldom  entire,  often  in  casts,  and  all 
jiliosphatic.  Below  this  comes  loose  quartzose  sands,  also  Containing 
phosphatic  nodules  and  fossils.  This  sand  is  of  varying  thickness  ; 
it  rests  upon,  and  sometimes  passes  into,  a  rather  coarse,  hard,  cal- 
careous sandstone. 

This  account  will  exactly  describe  the  junction  at  Wissant  cliffs. 
The  phosphatic  bed  containing  much  wood  may  here  be  very  well  seen 
under  the  Gault,  and  overlying  the  calcareous  sandstone,  which  stands 
out  in  rocks  at  low  water* 

Fig.  1 . — Section  in  Railway -cutting  west  of  Caffiers, 


9 

a.  Angular  flint-gravel 
h.  Blue  clay  (Gault) 

At  Caffiers  cutting  the  junction  was  very  distinctly  seen,  and  gave 
the  above  section  (see  ^^,  1). 
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i'l.  in. 

r.  LaviT  of  piiosplmtic  iioduli.>8  uiul  iusAiU 1  o 

(f.   Vorv  j^nvii  sanil    *Jt  (I 

r.   I^ivjT  of  ]>li<»sithatic  iuk1u1c8    O  1 

/'.  (rnviii.-sli  rather  clavov  sand    2  f) 

;/.   I.iu'lit  grc*tMii!*li  and  gri'v  siiml.  ntldiali  bi-low    ;»  O 

//.   I.ij^rjiti*,  not  ('(uistant    0  2 

/.  (rrcfnisli  wind,  routing  unconfonnubl^' on iJ  0 

/r.   Iliijhly  inclinetl  slialcs  i  Devoijian ). 

The  juiiclioii  iK'tweoii  iheGault  and  tlie  Lower  Grecnsand  is  iisiialJy 
takiMi  at  tin*  base  of  tlu'  phos])hatic  bod;  and  it  is  pfonor.iUy  undcr- 
stond  that  then?  is  a  shar})  litholojj:ictil  and  palt\}ont()lojri(riil  hTnnk 
between  tlir-^r  two  divisions.  That  they  are  well  marked  olf  fnmi  each 
other  oil  tlio  hiv<:^o  scale,  in  the  south-east  of  Kn^rhmd,  is  certainly 
true  ;  but  a  careful  examination  of  tlie  jiiuelion  will  frofjiiontly  show 
that  tliere  is  a  vtMy  decidod  ^>(/swr'/<  from  one  to  the  other. 

VVf^.  -. — Sn'tl'm  iJironf/h  Cajjiers  (about  5  miles). 
s.  J  '■  w.  y.i?:^E. 

t 

J, _  .       ■■■';.■   .  .;  "^liLv- ^-^.  '•'■■■•>-■. '~-^,r--  .'■•-•  ■-  -■-■^- r-  J-  ■ 


//.  Clialk  and  I'ppor  Orfcnsiind.         /».  Ouult.         c.  Lower  Griviiawiml. 

//.  Pjda'ozoic.  XX.  Sca-lcTel. 

The  phosphtitie  1x^1  at  ('opt  Point  belonf^s  evidently  to  the  Oault; 
its  fossils  clearly  i)la(?e  it  there.  lUit  in  tho  sands  IkjIow  are  found 
j)hosi)liatic  nodules  with  Oault-like  fossils  (also  phosphatic),  which, 
therefons  should  also  be  refeiTtnl  to  the  Oanlt.  AmmoniUs  nutm- 
)ni//(iri.'iy  Schloth.,  yi.  ncuditiitii,  Bron^.,  and  fnocerannts  Srtlonioni, 
D'Orb.,  are  vcrv  common  in  these  sandis  and  in  the  coarse  calcareous 
fcrit  below.  M.  Oaudrj'*  has  noticed  the  occurrence  of  A,  mamfHU- 
luris,  in  the  sands  at  Folkestone  and  Wissant ;  he  projKwes  to  separate 
tliem  from  the  Lower  Greensand  and  to  jdaeo  them  with  the  Gault. 

The  lithologicid  ]>assago  is  not  less  evident  in  some  places :  at  Copt 
Point,  where  there  is  only  one  line  of  phosphatic  nodules,  it  is  not 
dithiult  to  Hx  u]>on  a  boundary  between  the  two  beds  :  at  Wissant, 
it  is  not  so  deiiuite,  still  less  so  at  Caffiers ;  and  where  there  arc  two 
or  more  well-marked  layers  of  nodules  it  is  difficult  to  decide  at 
what  point  to  take  the  junction.  A  section  open  about  three  yean 
since  at  the  west  end  of  the  I^ices,  Folkestone,  showed  three  beds  of 
nodules,  the  overlyinj;  clay  being  tnie  Oault,  and  the  intermediate 
beds  in  descending  getting  more  sandy ;  the  sand  below  tho  third  bed 
of  nodules  belonged  to  the  tnie  Folkestone  beds,  and  contained  a 
small  nest  of  nodules  in  one  place.  The  two  upper  beds  of  nodules 
contained  bored  wood. 

*  Bull.  ^oc.  Geol.  dc  France,  ser.  2.  vol.  xrii.  l^m,  p.  32. 
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With  regard  to  the  palecontological  passage  noticed  above,  it  must 
be  remarked  that  we  have  here  fossils  of  a  higher  bed  passing  down- 
wards into  a  lower  bed  ;  they  cannot,  therefore,  have  been  washed 
from  one  to  the  other,  as  might  have  been  the  case  if  Lower  Green- 
sand  fossils  were  found  passing  up  into  the  Gault.  The  general 
fragmentary  state  of  these  fossils,  at  first  sight,  gives  one  the  im- 
pression that  they  really  were  derived  from  other  beds.  It  is  rare  to 
find  one  entire,  and  they  generally  have  a  corroded  appearance. 
This  is  probably  due  to  chemical  action  since  their  deposition. 

Prof.  Way,  who  has  made  numerous  analyses  of  the  phosphatic 
bodies  from  the  Cretaceous  bedp,  says,  "  that  the  phosphate  of  lime 
has  penetrated  the  various  fossils  and  noduiea  from  without,  i^iere 
scarcely  exists  the  smallest  question  "  *. 

3.  Lower  GreeiisancL — The  masses  of  coarse  sandstone  which  are 
seen  passing  under  the  Gault  at  Wissant  exactly  correspond  to  the 
upper  part  of  the  Folkestone  Beds  at  Copt  Point ;  and  there  can  be 
no  doubt  of  their  representing  the  true  Lower  Greensand.  In  general 
composition  these  blocks  resemble  those  at  Folkestone,  but  are  finer- 
grained,  and  appear  tQ  be  somewhat  richer  in  lime ;  some  of  them 
resemble  coarse  Kentish  Rag. 

The  Lower  Greensand,  at  Caffiers,  has  already  been  noticed.  It 
])robably  extends  all  round  the  Boulonnais,  excepting  near  Blacourt, 
where  Mr.  Godwin -Au stin  f  has  observed  the   Gault   resting  on 

Fig.  3. — Section  half  a  mile  east  of  Desvres  (about  4  miles). 

Riv,  Liane.  Haute  ForOt.  Mont  Huliii. 


.<^^^ 


hn-  a 


a.  Chalk  and  Upper  Greensand.         b.  Gault.        c.  Lower  Greensand. 
d.  Wealden.  e.  Oolites.      X  X.  Sea-leyel. 

Palajozoic  limestone.  North  of  the  Bois  de  Fiennes  I  saw,  overlying 
limestone,  12  feet  of  greenish  and  grejdsh  sand,  probably  almost  its 
whole  thickness  here.  The  sand  contains  wood  and  scattered  phos- 
phatic nodules.  Here,  as  at  Caffiers,  the  Wealden  beds  are  absent. 
At  Desvres  the  Lower  Greensand  occupies  the  higher  parts  of  the 
Haute  Foret,  overlying  the  Weald  (see  hg.  3).  Immediately  behind 
the  town,  and  to  the  north  of  it,  is  a  pit  showing  10  feet  of  false- 
bedded  whitish  sand,  underlain  by  ferruginous  clayey  sand,  which 
holds  water  and  is  probably  Wealden. 

4.  Neoccmian  Beds  at  Wissant, — M.  Gaudry,  in  1859  J,  and  M. 
Lehon,  in  1863  §,  d^cribed  a  dark  clay  in  the  Wissant  clifife  con- 
taining Ostrea  Leymerii.     It  is  said  to  dip  35°  (from  the  vertical) 

*  Joum.  Key.  Agric.  Soc.  Ist  ser.  toI.  ix.  p.  84. 
t  Quart.  Joum.  Geol.  Soc.  vol.  xii.  1856,  p.  68. 
{  Bull.  Soc  Geo!  de  France,  ser.  2.  tome  xyii.  p.  30. 
§  Ibid,  tome  xxi.  p.  14. 
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to  the  soulh-east.  (The  Gault  dips  very  gently  to  the  north  or 
nurlh-oast.)  I  was  not  furtunate  enough  to  make  out  this  bed  with 
its  fossils,  and  could  scv  nothing  that  might  not  bo  slipiH^d  (Jaidt. 
'Hurt'  soi^nicd  to  uie  no  beds  exposed  below  the  j?rcen  sandstone. 
(htrett  Lt  t/nurii,  however,  is  a  very  characteristic  shell  of  the  Alher- 
field  bods  in  England,  and  is  not  known  to  occur  in  the  Gault  or 
in  tho  hijxluT  membi.'i's  of  the  Lower  Greensaud. 

5.  Widhfiii. — The  bfds  which  1  take  to  represent  our  Enplisb 
Wealdon  underlie  undoubted  Cretaceous  rocks  around  most  of  the 
border  of  the  district,  and  cap  the  hills  in  the  interior.  They  an.* 
not  seen  on  the  coast  at  Wissant ;  and  coming  inland  there  is  at  first 
some  dilKculty  in  tracing  the  beds,  in  consequence  of  the  blown  sand. 
Near  Manpiiso,  and  on  the  north  side  of  the  road  to  Wissant.  is  a 
sand-pit  showing  H>  feet  of  alternations  of  yellow,  while,  and  butf 
sand.  Well  be<lded,  with  lines  of  darker  ferruginous  sands  and  earbo- 
nnctous  beds.  There  are  in  this  section  a  great  many  small  fault?* 
(from  1  to  <>  inches);  and  the  pit  seems  to  have  been  sunk  in  a  small 
syn<liiial.  as  the  beds  dip  down  on  each  side. 

Kast  of  tlie  Calais  road  are  some  very  interesting  sections  of 
AVealdeii  hvtU  reeling  (»n  Carboniferous  Limestone.  AtBois  Serpi^U 
tbevliave  been  briellv  noticed  bvMr.  (J od win- Austen*, who desirihe> 
them  as  •'  iliick  a(<uniulations  of  gravel,  sand,  brick-earth,  and 
liipe-day,  with  much  vegetable  matter,  which  have  to  bo  worked 
through  for  the  iron-ore  beneath."  I  have  little  doubt  that  these 
masses  are  mostly  *'  i)i])ed"  into  the  limestone,  as  is  evident  in  a  quarry 
a  litth'  way  south-west  of  the  }iousi\s  (Hois  Sergent).  Here  sand, 
elavey  sand,  and  fi?rruginous  sandstone  are  seen,  clearly  let  down  hv 
the  dissolving  away  of  the  limestone.  A  large  pit,  just  north  of  the 
houses,  shows  a  considerable  thickness  of  the  same  beds,  with  lai^' 
masses  of  limestone  standing  up  below.  Just  west  of  the  cross- 
roads (west  of  li(»is  Sergent)  a  large  pit  showed  a  clearly  cut  section 
of  Wealden  on  one  si<le  and  on  the  other  large  masses  of  limestone. 
The  Wealden  beds  were  very  irregular  in  position,  and  not  constant 
in  charMeter,  giving  in  all  probability  a  thickness  of  about  50  feet  iu 
these  i)its.     The  lowest  part  showed : — 

Yellow  and  white*  Band,  from  10  to  15  feet 
Motihilclay,  10  feet 
Ironstone,  o  foet. 

Above  the  sand  came  more  mottled  clny  ;  but  I  could  not  trace  any 
definite  order  here. 

North  of  Hois  Sergent  there  are  a  great  numlier  of  shafts  about 
50  iir  nn  fei't  deep,  by  means  of  which  the  ironstone  is  raised.  One 
of  tliem  showed  in  its  upper  part  about  10  fwt  of  brightly  coloured 
clay  (yellow,  red,  purple,  and  variously  mottled) ;  from  another  I 
got  mass(*s  of  blackish  chiy,  with  vegetable  matter;  but,  a»  I  just 
tjbserved,  it  seems  imjKwsible  to  determine  any  definite  order  ot 
sueetssion  for  these  clays  and  sands  ;  most  of  the  iroustone,  however, 
rame  from  the  bottom. 

'    QuMil.  Jourii.  (.JiX)I.  .Sue.  vol.  ii.  lH[>.'t.  p.  '2i\:i. 
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In  the  neighbourhood  of  Ferques,  M.  Delanoue  has  described 
these  beds  *.  I  quote  the  following  from  his  paper.  The  ironstones 
raised  here  are,  he  says,  "  sometimes  superficial,  and  therefore  hy- 
drated  ores,  peroxidized  and  concretionary,  with  mottled  clays  and 

sands, and  sometimes  carbonates  and  sulphide  of  iron  in 

the  midst  of  bituminous  clays.  Wherever  atmospheric  influence  has 
made  itself  felt,  in  former  times  or  now,  the  sulphuric  and  carbonic 
acids  have  been  replaced  by  oxygen  and  water.'' 

In  several  cuttings  of  the  new  railway  from  Boulogne  to  Calais, 
Wealden  beds  are  seen  lying  irregularly  on  the  Palseozoic  beds,  and 
mostly  let  into  the  limestone  in  deep  pipes  (see  fig.  4).     Some  of 

Fig.  4. — Sketch-section  of  Railway -cuttings  ixear  Elinghen. 

B.W.  Haut  Cam-  Quarries.  Elinghen  Church.  N.E. 

_   4         !        A  i 


x^ 


a,  a,  a.  Carboniferous  Limestone.  c.  Angular  Flint- GraTel. 

b,  b,  b.  Wealden  Sands  and  Clajs  in  pipes.      X  X .  Level  of  Bailway. 

them  are  of  large  size  :  in  one  a  depth  of  30  feet  was  seen  ;  and  as 
this  was  20  feet  wide  at  the  bottom  of  the  cutting,  it  must  descend 
considerably  deeper.  These  pipes  contain  sand,  brown  and  variously 
coloured  clays,  ironstone,  and  pipe-clay,  with  vegetable  remains. 
The  patch  at  Elinghen  is,  as  shown  by  pits,  like  that  in  the  railway- 
cuttings.  Although  the  Wealden  beds  have  a  fair  thickness  around 
Elinghen,  yet  a  mile  or  so  to  the  north-east,  at  Caffiers- cutting,  there 
are  none.  Lower  Greensand  here  resting  immediately  upon.  Palaeo- 
zoic beds  ;  and  the  Greensand  itself  is  reduced  to  a  thickness  of  a  few 
feet.  The  same  is  the  case  in  a  road- cutting  west  of  the  Bois  de 
Fiennes.  The  section  here,  already  noticed,  is  less  than  a  mile  from 
Elinghen. 

The  high  ground  north-east  of  Boumouville  is  occupied  by  Wealden 
beds.  What  little  is  shown  here  is  mostly  sand  and  a  loose  con- 
glomerate of  quartz  pebbles,  partly  cemented  by  iron.  Some  pits 
show  small  pebbles  with  a  whitish  sandy  clay,  roughly  bedded. 

Near  Desvres,  in  the  Haute  Foret,  is  a  large  pit  in  Wealden  beds, 
showing  from  above  downwards : — 

1.  Clay  and  loamy  wash. 

2.  Brown  and  wMtish  clay. 

3.  Blue  clay. 

4.  Blue  sandy  clay  (with  lignite). 

5.  Ironstone. 

The  beds  here,  as  usual,  are  very  irregular.  Another  part  of  the 
same  pit  showed  coarse  sand  and  pebbles,  cemented  by  iron  into  a 
brecciated  conglomerate.  These  Wealden  beds  seem  to  go  some  way 
up  the  hill ;  but  towards  the  top  is  coarse  sand  of  a  lighter  colour, 

•Bull.  Soc.  Geol.  Franco,  s^r.  2.  torn.  ix.  1852,  p.  403. 
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with  pieces  of  chert  lying  about.  This  I  take  to  be  Lower  Green- 
sand  (see  fig.  3). 

Samor  rests  on  Wealden  beds :  light-coloured,  whitish,  and  yellow 
sandy  with  some  pebbles  and  mottled  clay ;  and  in  places  between 
here  and  Dcsvrcs,  sands  (sometimes  ferruginous)  and  mottled  dap 
are  seen. 

Some  very  interesting  sections  are  exposed  near  Equihen  and  St 
Etienne-au-mont,  three  or  four  miles  south  of  Boulogne.  The  hill 
above  Equihen  is  capped  by  Wealden  beds,  with  a  slight  covering 
of  loam  and  subangular  fiint-gravel.  The  different  sections  here 
are  as  various  in  character  as  elsewhere.     One  pit  gave : — 

Blown  sand. 

Whitiflh  sandj  clay,  with  sandy  ironstone,  6  feet. 

Hard  concretionary  sandstone,  Terj  ferruginous,  3  to  4  feet. 

Yellowish  clay  ana  concretionary  clay-ironstone. 

another  section  was  as  follows : — 

Sandy  flint-grayel. 

Ix>.)se  pebble^  with  1  inch  of  pipe-clay  near  tlie  bottom,  0  to  8  feet 

8and  and  coloured  clay  (white,  yellow,  blue,  and  sometimeii  black,  with 

vegetable  markings  ?),  5  or  6  feet. 
Ironstone. 

Near  the  church  of  St  Etienno  are  many  sections,  some  of  which 
have  been  very  minutely  measured  by  MM.  Sauvage  and  Hamy*. 
As  no  two  pits  are  alike,  nor  any  one  pit  regular  in  all  its  parts,  I 
have  not  attempted  any  such  accuracy.  I  give  two  or  three  examples. 
Just  south  of  the  chuixih : — 

Dirty  loam  nnd  loose  pebbles,  to  3  feet. 
Pebbles,  0  feet. 

Bluish  clayey  sand,  1  to  0  inches. 
Yellow  sand  and  sandstone,  4  feet. 

A  second  pit  further  east  showed  a  few  thin  layers  of  hard  ferru- 
ginous sandstone  with  the  pebbles. 

A  third  pit  south-east  of  the  church  : — 

Intcrstratified  sand  and  small  pebbles  false-bedded,  particularly  nenr  the 

top.  15  feet. 
Yellow  and  white  sand. 
Green  clay  and  ironstone. 

Other  pits  towards  the  southern  part  of  this  outlier  show  good 
sections  of  the  pebble-beds.  In  one  case  they  are  divided  by  five  feet 
of  sandy  clay  : — 

Pebbles,  2  feet. 
Whitish  sandy  day,  6  feet- 
Pebbles,  5  feet 

Around  Boulogne  all  the  heights  are  occupied  by  Wealden  bedk 
In  the  new  railway-cutting  at  Honvault,  a  fault  brings  Wealden 

*  Terr.  Quatem.  des  Boulonnais,  p.  7 ;  see  also  Bigaux,  *'  Kotioe  Stratum- 
phique  sur  le  Bas-Boulonnais,"  Bull.  Soc.  Ac«d^mique  de  Boulogne,  18657^ 
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against  Portland  limestone,  the  latter  rising  from  beneath  theWealden 
at  the  north  end  of  the  cutting. 

Capping  Mont  Lambert  there  is  fermginons  sandstone  with  large 
pebbles.  I  presume  this  likewise  is  Wealden,  but  could  find  no  clear 
section.  The  hills  north  and  north-west  of  this  are  capped  by 
Wealden  beds,  which  are  in  many  places  worked  for  ironstone.  The 
sections  at  Eupembert  are  of  interest,  as  the  ironstone  there  contains 
casts  of  fossils  (Cyrenas). 

Where,  as  in  the  neighbourhood  of  Boulogne,  the  Wealden  beds 
rest  on  Portland,  it  is  difficult,  in  some  cases,  to  divide  them,  as  the 
following  section  from  a  quarry  north  of  Napoleon's  Column  will 
show : — 

1 .  Sand,  and  clayey  sand,  4  feet. 

2.  Bluish  and  mould  clay,  4  to  6  feet. 

3.  Irregular  beds  of  sandstone  and  ironstone,  1  to  2  feet. 

4.  Clay,  bluish  above,  yellowish  below,   with  lignites  at  the  bottom, 

about  6  feet. 

5.  Sandstones,  soft  above,  hard  below,  4  feet. 
().  Greenish  sand,  1  foot. 

7.  Hard  sandstone,  with  veins  of  carbonate  of  lime,  4  feet. 

The  upper  beds  here  are  certainly  Wealden,  and  the  lower  certainly 
Portland.  Perhaps  1,  2,  3  belong  to  the  former,  5,  6,  7  to  the 
latter,  and  4  to  a  bed  of  doubtful  character  to  be  further  mentioned 
presently  (see  p.  481). 

Wealden  beds  are  seen  here  and  there  along  the  coast  north  of 
Boulogne,  and  everywhere  on  the  inland  heights ;  but  the  sections 
given  above  may  suffice  to  show  their  general  character. 

French  geologists  have  long  been  in  doubt  as  to  the  exact  age  of 
these  beds.  By  many  they  have  been  classed  with  the  Lower  Green- 
sand  (Bozet,  d'Archiac,  Delanoue,  and  Fitton  in  1826).  Gosselet 
and  Hebert  would  place  them  with  the  Gault,  whilst  Sauvage  and 
Hamy  have  described  some  outlying  patches  as  Drift.  By  Conybeare 
in  1822*,  Fitton  in  1839,  and  since  then  by  Rigaux  and  Pellat, 
these  beds  have  been  referred  to  the  Wealden. 

In  the  loose  pebble-beds  at  St.  Etienne,  which  I  have  described,  are 
some  fragments  very  like  flints,  and  others  greatly  resembling  chalk ; 
from  this  circumstance  Messrs.  Sauvage  and  Hamy  have  been  led  to 
class  these  with  the  Drift.  Such  chalky-looking  pebbles  are  very 
common  in  the  conglomerates  at  the  western  part  of  the  Weald,  near 
Cuckfield  and  Lindfield ;  they  are  probably  derived  from  the  waste  of 
Portland  beds.  At  Cuckfield  these  conglomerates  form  part  of  Dr. 
Mantell's  Tilgato  beds,  and  contain  the  usual  reptilian  remains.  So 
much  do  some  of  the  pebbles  resemble  chalk  that  Dr.  Mantell,  in 
1822t,  described  these  beds  as  "  diluvium.''  In  subsequent  descrip- 
tions of  the  district  he  omitted  any  mention  of  chalk  pebbles,  and 
included  the  beds  in  question  in  the  Wealden  formation.     There  can 

*  '  Outlines,'  p.  155.  The  Hastings  sands  were  then  called  "  Iron  Sands," 
and  their  freshwater  origin  was  not  then  recognized.  This  brief  reference  by  Mr. 
Conybeare  to  the  Boulonnais  ferruginous  sands  is  the  earliest  geological  notice 
I  haye  been  able  to  find.  It  is  interesting  to  note  that  his  supposition  as  to  their 
age  is  the  correct  one. 

t  Fossils  of  the  South  Downs,  p.  39. 
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be  no  doubt  of  the  coTrectneM  ot  Dr.  HantdFi  later  oonol 
clays  and  shales  of  the  Wealdon  Beriea  are  fireqneatlj  toand  o  .  , 
such  coDglomc rates.  The  occamnoe  of  flint-like  pebbles  at  Kw- 
vcrt,  near  Marquise,  led  Dr.  Fltton  to  think  the  beds  there  woe  9t 
comparatively  recent  date,  derived  from  the  mate  of  Wealden  ha^ 
but  intermixed  with  flints  from  the  ohalk.  The  mode  af  mouiwei 
of  theeo  pobble-beds  in  the  Bonhmnaia  ia  aneh  aa  is  TeiylikclytOBit- 
Icad  an  observer  as  to  thfdr  trae  age,  partioalar^  if  mue^vuBlad 
with  the  details  of  our  Engjiah  Wealdea  beds.  Tliey  aca  natOj 
found  capping  the  hills,  and  are  not  ovedain  by  other  beda;  at 
Deavres,  however,  I  noticed  pebblee  oanmted  into  a  eoa^miiantai 
here  the  section  is  low  down  the  hill,  and  the  whole  aeiiiea  ia  earned 
by  Lower  Grcensand.     At  Bamer,  alao,  pebhlea  ooourin  ttie  Wodan 

Very  few  foanls  occur  in  the  Wealden  beds  of  the  I 
Dr.  Fitton  mentions  Melatiopiu  oe  Ihlvditta  firom  n 
associated  with  a  shell  resemUing  Atlarte.  The  fovik  may  hare  eme 
&om  the  ferruginous  sands ;  bnt  neither  their  Jii^mtlff^^^tiftn  nff 
mode  of  occurrence  scema  very  certain.  IC,  Bigaox  Tnentiaoa  Vm» 
from  Equihen  and  Cydas  or  Cyrma  from  Bnpembert.  To  Hue  last 
locality  I  was  obligingly  taken  byK.Biganz;  the.fosaila  are  veiy 
plentiful  in  tho  ironstone,  bat  oocnr  moatly  as  casta,  wbieh  Fn>- 
feBiior  Morris  believes  to  be  those  t£  Cifrma.     IL  PeDat  hsa  alae 


smelting,  over  the  eentral  and  aoath-eaaton  distiiot 
open  quarries,  in  the  north  diiedy  by  ahafla.  Then 
blaat-fumaccs  at  Marquise,  and  at  Ontreao,  near 
Marquise,  according  to  M.  8.  J(adaa*,  the 
ore  from  A&ica,  chalk  and  other  limeatonea  ct  t3te  diatliet  Wag 
used  for  flux ;  at  Ontreaa  the  natave  ore  is  mixed  witb  CoBbsrini 
hannatito.  An  analysis  of  Boulonnais  Wealdai  an  ftm  49*14  jm 
cent,  of  peroxidet  (Bi34-39peroent  of  imn).  Sooie  Mooontof  A* 
smelting  of  this  oro  and  <rf  eompaiisons  with  otbervorics  ia  t^BBttt 
of  France  is  given  in  a  paper  oy  V.  Ledneq,  read  at  the  Omislf  rf 
Agriculture  of  Boulogne  in  1884^.  lluBe  ftinums  ara  all  of  iombI 
origin;  no  mention  is  made  in  Boaefs  Memmr  (1828)  of  tbv  on 
being  worked,  nor  in  fiertrand'i  'ffistiHradeBouloguc'(]d29).  M. 
Henry,  in  1804S,  alluding  to  the  great  quantity  of  iron-orv  in  the 
district,  stated  that  the  o^  obatacle  to  amelting  it  was  want  of  fticl. 
Coke  is  now  chiefly  got  htm  Belgjaa  * 
The  iron-ores  of  our  Enf^iah  WeaU 


Roman  times  downwards.     In 
iron -producing  district  of  ~ 


han  be«n  workcl  from  tbo 
ITth-'dentm}-  this  waa  tho<)u<^ 
J  ftir  oat  of  &00  "  niilncs  for  tbo 


t  Ibid.  p.  414. 

t  '  Du  iMTeloppMtteot  ds  k 
FMimv,  Froeta  Terbsl,'  p.  U& 

t  •  Embi  IiMmmim  . . .  sar  . 
IWi  publUwd  isin.) 


wt;  p.  4i«. 

da  Ar  daw  U  Kord-ow«t  A 
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making  of  iron"  in  England  and  Wales  400  were  in  Surrey,  Kent, 
and  Sussex*.  The  fuel  was  wood  charcoal,  which  becoming  scarce, 
and  at  the  same  time  pit-coal  coming  into  use  elsewhere,  the  trade 
gradually  declined ;  only  nineteen  furnaces  and  forges  are  marked 
in  Bugden's  map  of  Sussex  (1724),  whilst  at  the  end  of  the  last 
century  there  were  only  two.  The  last  furnace,  at  Ashbumham, 
lingered  on  till  the  middle  of  the  present  century. 

6.  Purbeck, — Immediately  overlying  the  Portland  beds  on  the  cliflfe 
north  of  Boulogne  are  some  thin  beds  which  have  been  described  as 
Purbeck.  1  was  not  able  to  make  out  these  clearly,  and  shall  there- 
fore only  briefly  refer  to  what  others  have  written  concerning  them. 

Dr.  Fitton  first  pointed  them  out,  in  1826t — and  again  in  18364:, 
when  he  described  "  a  thin  crust  of  Purbeck  strata,  resting  upon 
those  of  Portland,  and  consisting  of  slaty  beds  of  limestone,  wluch 
contain  freshwater  shells,  and  include  a  bed  of  tough  dark-coloiu^ 
clay,  in  which  are  numerous  fragments  of  silicified 'coniferous  trunks, 
not  distinguishable  from  those  of  the  Dale  of  Portland."  Fitton,  in 
1839  §,  further  refers  to  this  bed,  and  mentions  that  the  silicified 
wood  is  not  found  in  place,  but  lies  loose  on  the  surface.  It  is  pro- 
bably the  same  as  that  which  Desmars,  long  before,  described  as  *'  bois 
fossiles  "  ||.  Dr.  Fitton  says  that  Cypris,  Cyclas,  and  Ampullaria  (?) 
occur  in  this  bed.  Rozetlf  mentions  a  bituminous  clay  as  underly- 
ing the  femiginous  sand  in  places.  This  may  sometimes  be  the 
base  of  the  Wealden,  but  I  have  observed  a  very  tough  dark-coloured 
clay  in  the  Fordt  de  Boulogne  and  south  of  Bemes :  in  both  cases 
Wealden  sands  rest  on  Oolitic  limestone ;  and  1  am  inclined  to  think 
the  clay  is  only  the  result  of  carbonated  water  percolating  through 
the  sands  and  dissolving  the  limestone. 

Further  observations  upon  the  supposed  Purbeck  beds  of  the 
coast  will  be  found  in  late  papers  by  Pellat  and  Hebert  **. 

III.  Conclusion. 

A  comparison  of  the  Cretaceous  beds  of  the  Boulonnais  with  those 
of  Kent  shows  a  striking  diminution  in  thickness  from  west  to  east 
(see  fig.  5)tt.  This  alteration  is  seen  in  all  the  beds,  but  in  some 
more  than  others,  while  a  few  disappear  altogether.  It  is  seen  very 
markedly  in  the  Lower  Greensand ;  the  Folkestone  beds  are  much  re- 
duced in  thickness,  whilst  the  Sandgate  and  Hythe  beds  are  gone  al- 
together. According  to  some  observers  the  Atiierfield  Clay  is  repre- 
sented at  Wissant ;  but  it  is  certainly  not  constant  round  the  district. 

*  Sturteyant^B  '  Metallica,'  4to,  1612,  p.  5.    (Reprinted  at  WolTerhampton, 
1855.) 
t  Proc.  Qeol.  See.  vol.  i.  p.  9.  J  Trans.  GeoL  Soc.  ser.  2.  vol.  iy.  p.  32^ 

I  Bull.  Soc.  G^oL  de  France,  s^r.  1.  vol.  x.  p.  440. 

II  De  Tair,  de  la  terre,  et  de«  eaui  de  Boulogne-sur-mer,  ed.  1761,  p.  7. 
%  Desc.  G6ognostique  du  Bas-Boulonnais,  1828,  p.  48. 

♦•  Bull.  Soc.  G^6ol.  iSr.  2.  toI.  niii. 

ft  As  this  paper  refers  only  to  the  Bas-BouloDnais,  I  hare  made  no  remarks 
upon  the  chalk  of  the  bordering  escarpment  and  the  Haut-Boulonnais.  Mr. 
Phillips  has  shown  that  the  various  beds  into  which  he  divides  the  chalk  of 
south-east  Kent  are  much  reduced  in  thickness  in  the  clilTs  between  Wissant 
and  Sangatte.  (Trans.  Qftol.  Soc.  ser.  1.  vol.  v.  p.  48.) 
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rcrtmgis  the  most  striking  variation  is  exhibited  in  the  WeaJdeo 
beds,  which,  from  a  total  thickness  of  1200  or  1500  feet  on  the  Kent 
and  Sussex  const,  have  dwindled  away  in  the  Bonlonnais  to  lOt'fcrt 
or  loss.     On  the  EngliNli  coast  the  great  divisioQ  between  HoMtings 

Fig.  5. — Comparalive  Sections  of  Crelaceoug  Bed*  in  Kmt  and  Vu 


X   X   Sbovi  hoTiloiu  bI  wliioh  PlioaptuUc  of  Limu  it  found. 

IW  300 

ViTtiml  scale      |     ,      ,  |  |  foot. 

Sand  and  Wvald  Cltiy  is  very  marked,  as  also  arc  the  aubordinatf 
divisions  of  the  HaiitiDgs  Kaods ;  but  it  is  imposBiblo  to  say  what 
jiiirt  of  riiir  I'^nfiliKh  sorica  the  Boulonnais  beds  represent.  In  the 
[|iintitily  oi'  mottled  cIbj-b  tlicy  resemble  the  Ashbunihntn  beds,  m 
neeii  in  the  cliffs  coHt  of  HoatisgH ;  but  such  mottled  clays  are  not 
coiifitied  to  any  horizon  in  our  Wealdrn  bods.  In  the  presence  of 
i|iian1itioe  of  pobbli*,  some  coarse  and  containing  cbolk-likc  ftsR- 
nienl.4,  they  resemble  the  top  of  the  Hastinga  sanda  soar  Cuckfield ; 
hut  similar  conglomerates  occur  elsewhere  and  in  other  positioiu. 
Tlie  abncnee,  ho  far  as  is  yet  known,  of  Saoriaii  remains,  and  the 
wnipanitive  rarity  of  other  foesils  in  tho  Boulonnaia  Wealden  is  a 
notablo  distinction  troni  the  English  beds, 

Thu  <^nstancy  of  the  phosphatic  bed  at  the  bsM  of  Uio  G«ult  is 
worthy  of  note.     It  apitcan  to  be  ovciywhero  proaeat  around  the 
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Weald,  and  I  have  always  on  aeorch- 
^       ing  found  it  in  the  Boulonnaia. 
''       G  In  the  forgoing  paper  the  onoon- 

fformity  of  the  Cretaceous  beds  to  all 
below  them  has  been  illoatrated  in 
many  ways.  Mr.  Hopkins  and  Ur. 
Godwin-AoBten  have  already  so  fuUy 
deecribed  this  fact  to  the  Society  that 
I  will  only,  in  conclusion,  call  atten- 
tion to  the  accompanying  diagram,  in 
which  the  chief  facta  are  represented, 
vii.,  Ist,  the  unconformity  of  the 
Oolitic  beds  to  the  Palsozoic  rocks ; 
2nd,  the  unconformity  of  the  Cre- 
taceous beds  to  the  Oolites,  the 
Wealden  resting  on  all  in  succeemon 
until  they  thin  away  against  the 
Paheoioic rocks :  and, finally.the  com- 
plete conformity  that  appears  between 
j  all  the  represented  members  of  the 
I  Cretaceoos  group,  although  some  are 
absent. 

DiBccaBioN. 

Sir  Roderick  Mckchisoit,  without 
doubting  the  correctness  of  the 
author's  views,  wished  that  fossil 
evidence  had  been  forthcoming  to 
identify  more  oonclusiTeiy  the  Weald- 
en strata  of  the  Boulonnais  with 
those  of  England,  and  suggested  their 
correlation  with  the  Beauvais  beds. 

The  Bev.  llr.  Wiltshire  remarked 
that  in  Kent  the  Ammonitet  mam- 
miUaria  vaa  contained  in  large  no- 
dules, and  occurred  only  below  the 
lower  phosphatic  band. 

Mr.  Wditakbk,  who  had  been 
with  the  author  in  the  Boulonnais, 
had  been,  contrary  to  bis  predilections, 
compelled  to  r^ud  the  beds  referred 
to  the  Wealden  as  belonging  to  that 
fonuation,  and  not  to  the  Lower 
Greensand. 


i.  Note  on  tht  Mehdip  Axticlihii,, 
By  C.  H.  WBSioir,  Esq.,  F.G.S. 
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June  17,  18(58. 

Charles  IJaron  CLirke,  Esq.,  F.L.8.,  Fellow  of  Qiicen*s  Collegr*, 
Canibrid^o,  BiirrisU^r-at-law,  Dacca,  Hindooston ;  and  Floxman 
('liarlc:^  John  Spurrell,  Esq.,  Belvedere,  S.E.,  were  elected  Fellows. 

Tlio  f()llowin*r  communications  were  read : — 

1.   Oil  tin    DisTRTiirrioN  of  SxoNB  Implements  in  SorrnERN  India. 
liy  K.  JhucK    FooTF.,   Escj.,  F.(i.S.,  of  the  Geological   Survey  of 

India. 

The  cinnnistances  under  which  chipped  implement.^,  similar  in  form 
to  those  occurrinpj  in  the  gravels  of  Western  Eun^pe,  are  found  over 
a  eonsideralde  jiart  of  S()uthem  India*  are  very  interesting,  as  thoy 
app(»ar  to  jirovi*  that  jrrejit  chanj^es  in  the  physical  geography  of  the 
Indian  ])eninsnhi  liave  taken  phice  since  the  time  when  the  imple* 
nient-mak«Ms  tirst  iidiabited  the  eountrv. 

By  far  the  greatest  number  of  the  chipped-stone  implements  have 
been  found  in  close  connexion  with  the  laterite  deposits  of  the 
eastern  c«»a::*t.  ^lany  implements  were  found  in  sittt,  buried  in  the 
lateiite  ;  atul  manv  more  lav  scattereil  over  the  surface  of  the  laterite, 
from  which  they  had  evidently  been  weathered  out.  A  eonsidenible 
numlx'r  aKo  wen'  coHected  off  tlu^  surface  of  underlying  older  rocks,  in 
pla<es  where  laterite  deposits  luid  once  existed,  but  had  sul>8e(iuentlv 
Ijeen  almost  entirely  removed  by  denudation,  and  had  often  left  l»ut 
faint  tiares,  in  the  shaj>e  of  scattered  debris.  Other  implements, 
apiin,  liMve  been  discovered  on  the  surfact^  in  other  pai*ti(  of  the 
country,  wliere  no  distinct  traces  could  be  seen  of  the  formations 
from  whirh  they  miirht  have  been  weathered  out.  Whatever  may 
liave  l)((ii  tluj  iiaturr  of  these  latter  deposits,  the  great  elevation  at 
wliich  they  occur  above  the  lower  country  precludes,  in  the  absence 
of  any  evi(l«>nce  tt)  the  cnntrar}',  the  idea  that  they  were  of  the  same 
mariiio  orii^in  as  the  coast  laterite. 

It  is  not  at  all  improbalde  that  they  may  once  have  been  enve- 
loped in  fi-eshwater  deposits  which  have  since  been  destroyed  by 
denudinir  apncies.  while  only  the  heaviest  included  bodies,  such  as 
the  coaise  shingle  and  impltnnents,  were  left  behind  as  evidences  of 
the  former  existence  of  suc}»  formations. 

iJisich's  the  above,  a  few  inii)lemcnt«  have  also  been  found  in  un- 
cpn'stionably  tiuviatile  formations;  but  none  have  been  obtained  from 
any  dei)osits  known  t(»  be  more  ancient  than  the  laterite,  nor  have 
the  tfmiiti/tr  alluvia,  whether  marine  or  fluviatile,  yielded  any  that 
Could  not  ho  shown  to  have  been  washed  down  from  immediately 
adjoininj*  lateritic  ]»eds. 

The  positi»>n  occujned  by  the  laterite  alonpf  the  coast  is  that  of  a 
belt  running  j)aralhl  with  the  general  coast-line,  but  broken  through 

*  For  ail  account  of  (lie  dis^Hivi-ry  of  thc?«o  iiiipleincnt«  see  the  *  Procw»diiiu» 
of  tlic  Ar*i.iiic  S4H'ictT  of  Jicni;:U.'  1^44,  p.  (»7;  nlw  '  Madras  Journal  of  litera- 
ture and  Scirnco.'  Octolh-r  JSfHj  (third  swries,  pt.  2): — "On  the  oecurrencv  of 
Stone  implrnu-nts  in  Ijitrritic  fiirinntionr<  in  vurioiiK  pnrt«  of  the  Madras  and 
North  A  rent  Districts.*'  bj  K.  JJnice  Kooto.  GhKilogical  Surrey  of  India,  with 
niii.'s  liy  WilHain  Kiiitf.  jun.,  B.A.,  QiHilogical  Surrey  of  India. 

Sunt'  cop\eH  o^  UuR  \>a\>oT  vtoto  «\Tv\c>Vo^«.wd  circulated  in  June  I8(i5. 
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at  many  points  by  the  different  rivers  falling  into  the  Bay  of  Bengal. 

Tliis  belt  has  been  examined  and  surveyed  by  my  coUeagaes, 
jSiIcrssrs.  Blanford,  Charles  Oldham,  King,  and  myself,  from  the 
neiji:hbt)iirhood  of  Tanjorc  northward,  very  nearly  up  to  Ongole,  a 
distance  of  upwards  of  300  miles. 

To  the  southward  of  Tanjore  the  laterito  is  said  to  extend  over 
f^eat  part  of  the  Tondiman  llajah's  eountry,  and,  with  intemiptionK. 
nearly  <lown  to  Cape  Coniorin ;  but  it  has  not  been  examined  by  any 
members  of  the  (ieologieal  Survey  of  India  for  more  than  lu  milt* 
s(juth  of  Tanj(>n\  To  the  north  of  Ongole  it  will  no  doubt  be  found 
aj^aiiu  oceurrinp:  in  i)at<lies  along  the  coast,  until  it  joins  the  lalerite 
of  Orissa,  so  well  deseribed  by  Mr.  William  T.  Blanford  in  the  *  Me- 
moirs of  the  (ieolo«j:ienl  Sur\'oy  of  India'  *. 

The  wiMtli  of  the  bt?lt  of  laterito  varies  considerably,  but  rarely  ex- 
ceeds from  s  to  10  miles;  in  very  many  places,  however,  small  outlying 
patelK's,  a  ft^w  acres,  or  sometimes  only  a  few  square  yards  in  extent, 
occur  at  considerable  distances  to  the  westward,  showing  how  much 
has  been  renii»ved  bv  denudation.  The  seaward  or  eastern  marjdn 
of  the  belt  has  jjceuerally  a  well-defined  edge ;  indeed  it  frciiuently 
ti?nninales  in  a  low  but  abrupt  scarp. 

'Dw  wi'strrn  boundary,  on  the  contrary,  is  often  very  raggotl,  the 
d(»posit  bavinj^  tliinued  very  much,  and  its  continuit)'  haWng  been  w 
niueb  broken  by  denudation  that  it  often  becomes  imposMblo  to  se- 
parate it  from  tlie  highly  ferruginous  red  soil  of  the  country,  thin 
ri'd  soil  being  itself  in  very  many  places  nothing  but  reformed  lateritic 
debris. 

No  or^canic  remains  having  as  yet  been  found  in  the  lateiitic 
formations,  some  frnirments  of  silicified  wood  excepted,  the  only  thing 
to  guitle  us  in  determining  their  origin  is  their  position,  which  is 
that  of  a  great  fringe  along  the  eastern  flanks  of  the  high  land. 
This  is  (juite  analogous  to  the  geographical  i)osition  of  the  underlying 
.Furassic,  Cretaci'ous,  and  Postcretaceous  rocks,  all  of  which  are  of 
un([uestionably  marine  origin.  This  analogy  of  position  holds  good 
also  with  reference  to  the  recent  coast-alluvium,  and  is,  it  appears 
to  me,  fully  sufficient  to  justify  the  conclusion  that  the  lateritic 
fonnations  were  deposited  along  tlie  shore  of  a  moderately  shallow 
sea. 

The  t\i)ical  laterito  t  is  a  red  ferruginous  clay,  more  or  less  sandy, 
and  often  containing  nests  of  white,  yellow,  and  pink  lithomarge 
and  clay,  but  onelosing,  as  a  nde,no  other  substances;  near  Madras, 
however,  the  laterito.-,  though  maintaining  these  characters  to  some 
extent,  oft(>n  inrludes  numerous  j)ebble8  of  quartzitc,  with  a  few  of 
(juartz  and  giuiss,  and  becomes  a  regular  conglomerate,  in  which 
occur  the  ebiiipcd  implements.  In  some  parts  of  the  Madras  district 
the  laterito  lostvs  iti*  clayey  character  to  a  great  extent,  or  even 
altogether,  and  ])asses  into  coarse  gravel  and  gravelly  sands,  con- 

»  Vol.  i.  J).  2S(). 
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I'—v. 


Bistittg  m^nly  of  quartzite  with  a  nryiag 
brown  hKmatite  pellets. 

The  quartzite  pebbles  of  the  latorits  ova  eoaily  be  tneod  to  tit 
sources  wheoce  they  came,  vhioh  an  at  no  grttA  ■tiitoimr  oC 
The  primary  iwarce  of  these  pebbles  is  to  be  found  in  the  "— — — 
quartzite  formationB  capping  the  ■ommitB  and  ridgsa  o<  the  Hagg/Kf 
Hountaius,  a  group  of  bold  detached  monntaine  which  atuid  oA 
between  the  eastern  Ohats  and  the  Fnlioat  lake. 

The  secondary' source  of  the  qnaitdte  pebUea  is  the  vast  Joranc 
conglomerates  forming  the  Aliooor  and  SsttsTeda  hillB,  two  gro^ 
of  hills  lying  to  the  eoutb  and  souUi-eaat  of  the  N'agari  (JXnggKj) 
mountains.  Theee  conglomeratee  are  in  part  quite  nnsolidifii^ 
partly  also  compacted  into  hard  rooks.  Thsy  have  yicJded  tt 
abundance  of  already  perfectly  watarwom  material  towazdi  lb 
formation  of  the  much  younger  lateritia  oonflJomemteK  It  waa  froai 
theee  Jurassic  conglomeratee  also  that  the  implement-maJEVS  dnr 
their  supplies  of  pebbles  out  of  which  to  diip  the  Tariona  tooli  ui 
weapons  Oicy  required. 

The  laterite  conglomeratee  oconr  dnefly  around  the  baae  ai  Amh 
conglomerate  hills,  which  must  have  stood  up  as  i«l»»«i|  ia  tka 
laterite  sea,  and  may  very  likely  hare  been  the  home  of  the  tribe  of 
men  by  whom  the  implements  wtxa  mann&ctuied  and  naed.  The 
annexed  diagrammatic  section  (fig,  2)  shows  the  general  relatiooarf 
the  different  geological  formatums  referred  to. 

The  Alicoor  hills  formed  the  most  sontheriy  soorae  whowe  ttee 
people  could  at  that  time  obtain  any  quartaite ;  and  the  aiunliKif 
implements  in  the  laterite  deoraasea  steadUjthe  fkuther  joa  go  ft^ 
these  hills  in  a  southerly  direction.  33ie  most  soatheny  poiDt  rt 
which  I  found  implements  was  dose  to  the  Bqah'a  ffliODltij,  9^ 
miles  north-east  of  Ooujeretam.  Hie  eountiy  south  of  the  PalaiiiHi 
yielded  no  quartzite  impleonenta,  thoii^  exaniBed  for  tiua  ^  mj 
colleague,  Mr.  Charles  A.  Oldham,  a  -nr^  kaw-si^ted  and  dMt 
searcher.  To  the  west  and  east  of  the  Ahcoor  hills  a  Kimilar  steady 
diminution  of  the  number  of  implements,  increasing  with  the  dLi- 
tance  from  the  lulls,  is  obsernUe.  The  exteut  of  the  laU^tit 
formations  has  been  much  diminished,  on  their  western  aide,  by  dc> 
nuding  agenciea ;  but  dAuia  of  the  laterite  occurs  scattvrud  otwV  the 
gneiss  rocks  for  many  miles  to  the  weet,  and  may  be  fiiirly  regarded 
as  the  ruins  of  the  l^eiite  fbimalion.  Among  ihis  debris  a  niunlMr 
of  implements  were  oolleoted  by  myielf  and  by  eeTend  of  the  «b- 
gineen  of  the  ITadrae  Bailwav  stsliiMied  at  Aruonum. 

To  the  northward  of  the  Aheoor  hilla  the  case  is  ilitTvretit :  for  th* 
supply  of  quartiite  did  noteeaae,  the  main  raaas  uf  the  mountainout 
coast  being  fbrmed  of  quartiite  beda  for  nearly  200  milus  northward 
up  to  the  banks  of  the  Eisbut  river.  The  conglomemtie  diantrtcr  of 
thelateriteeontinueaihgraatnieaannin  the  different  ports  of  the  b«jt 
miming  northward  thnn|^  ^t»  whole  len^U  of  ibe  Nullore  district : 
and  I  collected  implonento  at  eeTeral  jjacca  along  this  line  *  in 


mtumanrotHm. 


Iiftif  of  Uw  N*tlnra  iliiitriot  m»  »I1 


1868.]  FOOTE INDIAN  STOKE  IHPLSMENT9.  489 

August  1866.  Hero  also  there  are  abundant  eyidences  that  the 
latcrite  extended  far  inland,  in  some  parts  even  close  up  to  the  base 
of  the  mountains.  The  lateritic  debris  is  found  largely  scattered  over 
the  country ;  and  with  it  occur  implements. 

It  has  been  already  mentioned  that  no  chipped  quartzite  imple« 
ments  have  been  found  south  of  the  Falar  riyer,  although  laterite 
occurs  there  and  far  to  the  south.  I  am  hopeful,  however,  that  the 
implements  will  be  traced  still  further  south ;  but,  doubtless,  they 
will  be  found  much  more  rarely  the  further  we  go  from  the  sources 
of  supply  of  quartzite.  The  laterite  of  Pondicherry  and  the  patches 
further  south  have  not  been  specially  searched  for  implements,  as 
they  were  surveyed  several  years  before  the  discovery  of  the  chipped 
weapons  in  India. 

Assuming  these  lateritic  formations  along  the  Ooromandel  coast 
to  be  of  truly  marine  origin,  the  question  arises,  To  what  depth  below 
its  present  level  was  the  land  depressed  ?  This  question  can  only 
be  solved  by  ascertaining  the  highest  levels  at  which  the  lateritic 
deposits  are  found  to  occur.  The  highest  elevation  of  the  imple- 
ment-bearing beds  which  has  been  accurately  measured,  is  370  feet 
above  mean  sea-level  at  Madras ;  this  is  at  Eircumbaddy,  on  the 
north  side  of  the  Soomamookey  valley.  I  am  indebted  for  this 
measurement  to  Mr.  W.  E..  Eobinson,  C.  E.,  of  the  Madras  Eailway, 
a  gentleman  who  took  great  interest  in  the  discovery  of  the  stone 
implements,  and  himself  made  a  large  collection  of  tiiem  from  this 
locality. 

The  next  highest  measured  elevation  is  that  of  the  lateritic  debris 
occurring  on  the  elevated  ground  near  the  Arconum  railway  junc- 
tion, which  attains  a  height  of  upwards  of  300  feet  above  the  sea- 
level. 

Daring  my  last  visit  to  the  Alicoor  hiUs,  in  August  1865, 1  found 
several  implements  lying  on  the  much-weathered  surface  of  the 
laterite,  a  considerable  distance  up  the  slope  of  the  hills  N.N.W.  of 
NaikenpoUiam,  at  an  elevation  which  I  believe  considerably  exceeds 
that  of  the  foregoing  cases.  Unfortunately  I  had  no  instruments 
with  me  at  the  time  to  make  an  exact  measurement,  so  had  to  con- 
tent myself  with  an  estimate  of  the  elevation,  for  which,  however, 
the  circumstances  were  very  favourable. 

At  a  distance  of  3  miles  from  where  I  found  the  implements  is  a 
station  of  the  great  Trigonometrical  Survey  of  India,  marked  in  the 
map  as  the  Nemilly  hiU,  which  has  an  elevation  of  367  feet  above 
sea-level.  This  Nemilly  hill  is  perfectly  overlooked  from  the  spot  at 
which  I  obtained  the  implements  in  question,  which  must,  therefore, 
be  at  a  considerably  greater  elevation,  and  probably  lies  between 
500  and  600  feet  above  sea-level. 

That  the  implements  here  found  were  really  derived  from  the  on- 
derl3ring  lateritic  conglomerate  I  have  no  doubt,  as  they  were 
deeply  stained  of  a  purplish-brown  colour,  which  characterizes  the 

but  completed  by  Mesan.  Charles  A.  Oldham  and  William  King  preyiously  to 
the  diaooTery  of  the  chipped  implementa  near  Biadraa  in  1863. 


inc  other  indicutioDS  of 
laterito  deposits,  occurring  fi 
allurlod  to,  arc  met  with  in  th 
iti  the  shupe  of  lateritic  diibr 
the  gcner^  surface  of  the  cot 
the  allavia  of  the  existing  stn 
the  generally  deep  and  narrow 

The  first  of  theee  patches  th 
lies  to  the  south  and  south-eas 
hroad  tongue  of  high  ground  e 
Byrawadi  mountain,  between  tl 
Munair.     This  elevated  water-> 
enormously  lat^  gravel,  a  perl 
other  places  the  gravel  is  of  an  c 
much  ferrn^ons  matter,  in  tJ 
fagematite,  nccompames  the  grav 
meats  were  found  occasionally, 
bore  the  strongest  resemblance  k 
of  fermginouB  matter,  to  the  pat 
occurred  ;  and  I  have  no  doubt  t 
underlying  gravels. 

A  careful  examination  of  thea 
the  eidee  of  Tarious  deep  rain-gi 
firmly  believe,  lead  to  the  discon 
titu,  and  well  reward  any  explt 
gife  theee  deposits  more  than  a 
greatly  regr^ted,  as  it  is  not  n 
might  be  found  in  the  loamy  bed 
The  gravels  eepedaiiy  deserrin 
Combaldinna,  8  miles  E.S.E.  of  1 
md  south-east  at  Itanamnddagoc 
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(fig.  3)  shows  the  relatiTe  position  of  the  lateritic  gravels  just 
referred  to. 

A  second  area  showing  this  peculiar  lateritic  gravel  with  imple- 
ments occurs  ahout  25  miles  north-west  of  Pamur,  near  the  village  of 
Nundanawanum.  The  laterite  sea  evidentiy  made  a  deep  bay 
here,  and  has  left  considerable  traces  of  its  presence  in  the  form  of 
gravels  and  dark-red  sandy  clays,  which  extend  right  up  to  the  foot 
of  the  Yellaconda  Mountains.  The  country  here  at  the  headwaters 
of  the  Palair  river  is  much  flatter,  and  probably  less  elevated,  than 
that  around  Pamar.  I  obtained  several  well-shaped  implements 
from  the  surface  of  a  gravelly  clay  south  of  the  village  of  Ramiah* 
pully. 

Northward  of  Nundanawanum  I  did  not  meet  with  any  recog- 
nizable traces  of  a  former  presence  of  the  laterite  formations ;  but 
my  visit  was  too  cursory  to  enable  me  to  satisfy  myself  on  this  point ; 
for  I  expect  that  traces  of  the  laterite  sea  will  be  found  all  over  the 
northern  part  of  the  Nellore  country,  and  the  low  country  of  the 
Kistna  district  up  to  the  Eistna  River. 

The  most  nortiierly  point  at  which  I  obtained  a  chipped  imple- 
ment was  Vipur,  11  miles  north  of  Vinukonda.  It  was  found  on  the 
surface,  but  it  was  evidentiy  derived  from  a  thin  spread  of  quartzite- 
gravel  underlying  the  soil  and  resting  on  coarse  syenite. 

In  the  coast-laterite  of  the  Nellore  district  the  most  northerly 
point  at  which  I  obtained  implements  was  in  the  Eamiapatnam 
patch,  the  most  northerly  I  had  an  opportunity  of  carefully  examin- 
ing. 

At  Goodloor,  in  the  Ramiapatnam  patch,  I  found  numerous  small 
but  well-shaped  implements  washed  out  of  the  laterite  by  atmo- 
spheric denudation.  With  the  lateritic  formations  now  described  it 
will,  I  believe,  be  found  necessary  to  include  the  great  talus-like 
banks  of  boulder-gravel  occurring  along  the  base  of  the  Vella  Con- 
das  and  the  Naggery  mountains,  which  are  well  seen,  in  the  case 
of  the  former,  at  the  east  end  of  the  Doren^  Pass,  and  at  the  town 
of  Udayaghiri.  In  the  case  of  the  Naggery  mountains  there  is  a 
splendid  gravel-bank  along  the  south  flai^  of  the  Naggery  Moun- 
tain itself.  In  this  latter  case  I  observed  the  quartzite  boulder- 
shingle  to  be  extensively  stained  of  >dark  red-brown  purple,  which 
indicates  that  the  stone  had  been  weathered  in  the  presence  of 
ferruginous  matter  of  extraneous  origin,  the  quantity  of  iron,  in  any 
shape,  in  the  quartzite  being  in  general  extremely  small.  This 
ferruginous  matter  I  believe  to  have  been  the  lateritic  cement  by 
which  this  shingle  was  partiy  cemented  into  a  conglomerate  precisely 
the  same  as  that  now  seen  around  the  flanks  of  the  Alicoor  hills. 
The  presence  of  such  a  ferruginous  cement  at  high  levels  in  places 
where  no  ferruginous  matter  was  derivable  from  the  higher  grounds, 
as  in  the  case  of  the  Alicoor  hills,  near  NaikenpoUiam,  nor  from  the 
substance  of  the  enclosed  materials,  may,  I  think,  be  explained  by 
supposing  that  the  highly  agitated  waters  of  the  laterite  sea  carri^ 
much  ferruginous  matter  in  suspension — a  supposition  which  is  not 
in  the  least  degree  hazardous  when  we  consider  the  immense  quan- 
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tilii'?*  lil' majnielic  inm  and  highly  ferruginous  homblendc-roc 
iin-  TiiiW.  as  ih«'V  must  have  Ikhju  iht'ii,  carried  iiito  the  sea  h 
fn-iln't  in  thi-  rivers. 

'Hif  hi.irli»-st  level  to  which  the  shin^rle-bank  is  piled  op,  al 
sniitlitrn  tlank  o(  the  Nji^pery  nmuntains,  accords  well  w 
li-vil  whiih  I  suppoM'  to  have  lx»en  the  uppermost  limit 
lat«rite  si-a  arininil  the  AlitiHir  hill.-*,  and  which  I  estimate  t 
luH-n  rather  ovir  o*mi  feet  alnive  s*'a-level. 

TluTe  ri'niains  now  an«>ther  set  of  implements  to  be  com 
nanii'ly.  those  found  occurring  at  elevations  so  much  exeet»d 
alx»ve  that  it  is  most  unlikelv  that  thev  were  ever  includi^ 
|Misit.s  iif  marine  origin,  there  being  no  evidence  to  justify  the  a 
tion  that  bo  great  a  depression  of  the  Indian  peninsula  has  o 
since  tlie  first  appearance  of  the  human  race.  The  probability 
th«»  imjilements  found  at  such  grt»at  elevations  were  prest»rved 
dep<iHits  of  freshwater,  or  possibly  subaerial,  origin,  from  wliii 
havelweii  washed  out  by  eom]»aratively  recent  action,  of  rain  or 
ning  water :  for  I  do  not  think  it  iwssiblc  they  could  have  Kmg  i 
the  tn'inendous  weathering  power  of  the  sun.  if  they  had  Ix'e 
exposed  on  the  surfaw.  A  considerable  number  of  well- 
(juartzitc  implements  were  found  by  Mr.  Charles  A.  Oldhd 
Sir.  King  in  the  southern  part  of  the  Cuddapah  di.strict,  ch 
believe,  near  Rachotee,  at  an  elevation  of  alK)ut  1400  feet  ab 
Kca-level, — an  elevation  greater  by  several  hundn^l  feet  th 
highest  vertical  limit  I  have  ventured  to  assign  to  the  coast-l 
Ah  I  am  unaccpiainted  with  that  part  of  the  country,  and  with  1 
cumstances  under  which  they  were  found,  I  am  unable  to  of 
fiirtlier  ojiinion  about  these  particular  implements.  There  is 
Museum  of  Practical  CJeolog}'  in  Jermyn  Street,at  the  present  ra 
a  siHM'inien  statt^l  to  have  been  procured  from  Vamiinbadi,  a  t 
the  northern  extremity  of  the  Salem  district,  standing  at  an 
tion  of  1 1  f)0  feet  above  the  sea-level.  If  really  derivt»d  fro 
place,  this  specimen  would  hi'  further  extremely  inten^stiiig  as 
Uvvn  found  at  a  vory  much  greater  distance  than  any  othei 
awpiainted  with  from  the  quartzito  country. 

At  leaser  levels  than  those  discovered  by  Mr.  Charles  Oldhj 
still  from  places  considerably  elevated  over  the  500  to  (iOO-foot '. 
the  coast-laterite,  numerous  implements  were  obtained  by  i 
lcragu(j  Mr.  Wm.  King,  and  by  myself,  in  the  Kumool  IHst 
the  neighbourhood  of  Roodrar  (see  fig.  3).  These  lay  on  tl 
face  of  the  soil,  from  which  they  had  seemingly  been  - 
out  by  rain-action.  The  soil  there  consists  of  a  gravell 
tun>  of  small  globular  Kunkur  (or  calcareous  tufa- concretion 
IK'llets  of  clayey  brown  haematite,  similar  to  those  so  eharac 
of  lateritic  fleposits.  Black  cotton-soil,  or  Ilegur,  frequently 
the  former  soil,  but  has  never  been  found  to  contain  iniplt 
Pebbles  of  quartzite  are  not  common  hero,  except^^close  in 
qimrtzite  beds  of  the  Cuddapah  group  in  tho  NuUamuUa  mou 

Here,  as  in  tho  case  of  the  coast-laterite,  not  a  single  fosij 
or  other  organism  was  foun<l  to  throw  light  on  the  nature 
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Kunkurry  deposit ;  but  its  wide-spread  extent  and  marl-like  com- 
position suggested  to  my  mind  the  idea  of  its  formation  in  fresh- 
water lakes  rather  than  by  extensive  river-action,  in  a  place  where 
no  large  river  has  flowed  probably  for  many  ages  past.  Some  few 
specimens  were  obtained  by  Mr.  King*  from  what  he  regarded  as 
an  unquestionably  fluviatile  deposit ;  but  this  was  at  a  place  close  to 
the  foot  of  the  mountains  at  the  mouth  of  a  lai^e  valley  opening 
into  the  plains,  and  where  the  presence  of  river-deposits  would  not 
contravene  in  any  way  the  probability  of  lake-deposits  at  lower 
levels  further  away  from  the  high  ground. 

From  several  valleys  on  the  eastern  side  of  the  NuUamulla 
mountains  chipped  quortzite  implements  were  obtained  from 
unquestionable  river-gravels, — for  example,  the  numerous  imple- 
ments found  by  Mr.  King  in  the  Bolopully  valley,  and  by  myself  in 
the  closely  adjacent  Mangtoor  valley,  and  at  Giddaloor  and  Putcharla 
in  the  neighbourhood  of  Cumbrun.  All  these  were  found  at  eleva- 
tions of  from  700  to  1000  feet  above  the  sea-leveL 

From  the  facts  now  described  I  venture  to  make  the  following 
deductions : — 

1st.  That  chipped-stone  implements  are  found  in,  or  associated 
with,  two  sets  of  formations  occurring  at  different  levels  above  the 
sea. 

2nd.  That  the  low-level  gravels  and  conglomerates  of  the  coast- 
laterite,  and  the  coarse  boulder-gravels  of  the  middle  grounds,  in- 
cluding the  great  accumulations  of  quartnte  shingle,  were  deposited 
or  re-arranged  into  their  present  form,  during  one  and  the  same 
period,  and  are  marine  deposits. 

3rd.  That  during  the  latter  part  of  this  period  an  elevatory  move- 
ment was  in  progress,  by  which  the  land  was  raised  between  500 
and  600  feet.  This  was  followed  by  a  period  of  quiescence,  during 
Avhich  the  laterite  deposits  underwent  very  extensive  denudation, 
particularly  from  the  action  of  the  rivers,  which  cut  passages  for 
themselves  across  the  belt  of  recently  raised  land,  and  in  great 
measure  scoured  out  the  lateritic  deposits  from  the  old  river- valleys, 
vrliich  had  been  scooped  out  of  the  gneissic  rocks  probably  in  much 
more  ancient  times. 

To  this  period  of  quiescence  succeeded  a  period  of  depression  ;  but 
to  -what  depth  it  proceeded  we  have  as  yet  not  sufficient  evidence 
to  show ;  probably  it  was  not  very  great.  During  this  time  the 
recent  coast-alluvium  was  formed,  and  a  small  elevation  then  brought 
up  the  land  again  to  its  present  position. 

4th.  It  appears  to  me  that  there  is  no  evidence  as  yet  to  prove  or 
disprove  the  contemporaneity  of  the  high-  and  low-level  implement- 
be&ring  deposits. 

^th.  It  is  very  improbable  that  elevatory  movements  of  such  great 
ma^itude  as  those  described  in  connexion  with  the  laterite  forma- 
tions of  the  eastern  coast  of  India  did  not  aifect  the  whole  peninsula, 
at  least  to  some  extent ;  and  there  seems  to  be  a  good  deal  of  evi- 
dence in  favour  of  the  idea  that,  in  part  at  least,  the  laterite  of  the 
♦  See  Proceedings  of  the  Asiatic  Society  of  Bengal,  Sept.  1867. 
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Prof.  RuPBBT  JoiTEB  called  at 
these  quartzite  implements  and 

Sir  BoniiRiCK  Mvbchiboit  i 
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Europe.    The  implements  were  bo  like  those  of  Europe,  that  their 
fabricators  seemed  to  have  been  taught  in  the  same  school. 

Mr.  FooTE,  in  reply,  stated  that  he  regarded  the  laterite  as  a 
marine  formation,  because  it  occurred  all  round  the  coast.  All  the 
implements  were  quartzite,  with  perhaps  one  doubtful  exception, 
which  was  formed  of  basalt.  Stone  circles  and  kistvaens  had  been 
found  on  the  surface  of  the  laterite  in  some  localities. 


2.  On  worked  Flint  Flaxjes  from  Cajirickfebqus  and  Lasne.     By 

G.  V.  bu  NoTER,  Esq. 

[Communicated  by  Sir  B.  I.  Murchison,  Bart.,  K.C.B.,  F.B.S.,  F.G.S.,  &c] 

(The  publication  of  this  paper  is  unavoidably  postponed.) 

[Abstract.] 

These  flakes  have  been  found  by  the  author  in  two  very  distinct 
positions,  namely : — the  older  in  the  marine  drift  (sand  and  gravel) 
skirting  the  shores  of  the  county  Antrim  and  county  Down,  the 
maximum  elevation  being  about  20  feet  above  the  sea;  and  the 
more  recent  in  the  subsoil-clay  at  all  elevations  up  to  600  feet,  near 
Belfast,  Carrickfergus,  Lame  Lough,  and  Island  Magee.  The  former 
are  of  the  rudest  forms,  highly  oxidized  or  white  on  their  entire  sur* 
face,  but,  though  imbedded  in  marine  drift,  having  the  chippings 
around  the  sides  and  angles  generally  sharp.  The  latter  have  a 
comparatively  fresh  look,  though  still  possessing  the  characteristic 
poroellanous  glaze ;  they  are  regarded  by  Mr.  Du  Noyer  as  possibly 
the  rough  materials  out  of  which  the  historic  races  in  Ireland  ma- 
nufactured the  spear-  and  arrowheads  which  are  found  with  their 
sepulchral  and  other  remains. 


3.  On  the  DnoNUTiON  of  the  Volume  of  the  Sea  during  past  Geolo- 
oiCAL  Epochs.     By  Aj^drew  Murrat,  Esq.,  F.L.S. 

[Communicated  by  the  President.] 

(Abstract) 

The  author  r^ards  Mr.  Darwin's  theory  of  Coral  islands  as  imperfect, 
from  not  recognizing  the  fact  of  a  gradual  diminution  of  the  amount 
of  water  on  the  face  of  the  earth.  He  objects  to  Mr.  Darwin's  ex- 
planation of  the  mode  in  which  the  islets  appear  above  the  water, 
namely,  the  dash  of  the  waves  breaking  the  reef,  and  their  wash 
piling  up  the  debris  until  it  forms  dry  land ;  and  he  quotes  the 
objections  of  M.  de  Bochas  to  the  same  theory.  The  opinion  of  the 
latter  author  was  that  the  islands  had  been  raised  by  a  movement 
of  upheaval ;  but  Mr.  Murray  considers  this  still  more  improbable, 
as  we  are  dealing  with  a  large  number  of  islands  scattered  over 
an  immense  space,  and  all  at  one  uniform  level,  only  a  little  above 
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tlic  surface  of  the  sea ;  while  the  amount  of  all  known  elevation*  is 
iiTejrular.  and  increases  towards  some  axis  of  elevation. 

Mr.  ^Murray  helieves  the  true  explanation  to  bo  that  tlio  wa  i.< 
gradually  diniiiiishiiifj:  in  volume;  and  ho  regards  the  Coral  islets  a? 
u  proof  that  it  is  so  ;  at  any  rate,  he  remarks  that  if  we  apply  thi> 
condition  of  thinii:s  to  an  area  of  e<»ral  reefs,  all  as  near  the  surfaw 
of  the  si'a  as  the  polyi)s  can  make  them,  we  should  have  a  result 
exactly  in  accordance  with  the  state  of  things  now  existing  in  Pi-Iy- 
ncsia. 

The  :intli«»r  tln-n  states  that  the  fossils  of  the  older  formiti-in* 
heinj^  wliolly  marine,  and  the  thickness  of  those  formations  Lirjn-ly 
exceeding  tln»s»*  of  later  periods,  afford  evidence  in  siippirt  (»f  ti-e 
view  that  the  jrlobo  was  then  enveloped  in  water.  In  opjiosition  t" 
Sir  Charh^s  LyelKs  view,  that  the  proportion  of  dry  land  to  sea  was 
always  the  same,  and  the  volume  of  the  land  above  the  sea  a  con- 
Htant  (luantity.  he  maintains  that  the  Litter  is  constantly  increasia?. 
and  that  both  the  ni(\in  and  the  extreme  depth  of  the  sea  are  con- 
stantly diniinisliing:  and  he  believes  the  c.iuseof  this  constant  dimi- 
nution to  lie  tlie  extreme  affinitv  which  water  has  for  the  constituent 
element?  (»f  minerals. 

Mr.  Murray  is  careful  to  state  his  admission  that  whether  thirc 
he  mon^  or  less  fre(»  wat(T  now  than  at  the  beginning,  there  can  k- 
neither  nmro  nor  less  of  the  elemcntarj'  constituents  out  of  whi«'ii 
it  is  eoniposed.  He  then  refers  to  volcanic  action  as  showing  that 
tlie  i)rocess  of  tlic  conling  of  the  earth's  cnist,  and  the  attendant 
abstract  ion  of  water  from  the  surface  are  still  going  on  ;  and  he  n'- 
marks  that  althcmgh  not  a  particle  of  water  can  be  present  in  th-' 
molten  mineral  core  of  tin?  earth,  yet  ever}*  j>article  of  that  core  will. 
wh<Mi  cool,  be  larj;ely  composed  of  water — and  that  therefore  the 
anunnit  of  water  on  the  surface  of  the  earth  must  continue  to  di- 
minish until  the  earth  is  cool  or  the  water  wholly  absorbed.  In 
conclusion,  he  quotes  the  case  of  the  Moon  as  one  in  which  thi^ 
process  of  absorption  of  not  only  its  water,  but  of  its  atmosphere 
aNo,  has  liern  brought  to  a  conclusion. 


-4.  Iln^  the  Asivric  ELFrifAXT  Uen  found  in  a  Fossil  State?  Be 
A.  Lkith  Adams,  M.B..  F.O.S.  With  some  Additioxal  Rexarks  ; 
by  (J.  lirsK,  Esq..  F.K.fc^.,  F.G.S. 

Ix  December  1S(»7  my  attention  was  directed  by  a  friend  resi- 
ding in  St.  John,  New  Brunswick,  to  a  tooth  in  his  possession,  and 
which  had  been  presented  to  him  by  the  discoverer  with  the  follow- 
ing note :  — **  A  fossil  tooth  found  by  Dr.  Duggan,  in  oompany  with 
Mr.  Hodgson,  (me  of  lE.M.  Consuls  in  Japan,  in  1859.  At  a  distanoe 
of  (iv(T  forty  miles  from  the  sea-shore  between  Kanogawa  and  Jeddo, 
uud  at  the  base  of  a  surface  coal-bed  (SO  feet,  or  thereabouta,  tram 
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the  general  level)   the  occomptinying  tooth  was  found.     To  what 
animal  does  it  belong? 

(Signed)  "K.  N.  DrreoiK,  M.D.,  Ph.D., 

"  Member  Royal  Analie  Society." 

The  aixompanyingplaHter-of-PariBcast*  will  suffice  to  indicate  the 
dimensions  and  general  characters  of  the  tooth  in  queetion.   As  to  its 

FoMil  Tooth  of  Elephas  Indicua  from    Japan  (throe-fourths  the 
natural  eiz?). 


t!onditioii,itiB  in  a  splendid  state  of  petrifaction,  with  sevenil  siipcrfi- 
*  I>i>pa«iW  in  Uie  Societj'i  HuMum. 
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plates,  and  especially  in  the  smaller  sixe,  and  proportionately  greater 
number,  of  the  apical  digitations  in  the  hindermost  plate. 
The  dimensions  as  taken  from  the  cast  are  as  under: — 

inolL 

Length  when  entire,  probably 7*4 

Greatest  width  (8th  plate) 8-0 

Height  (8th  plate) 4-8 

Average  thickness  of  plates  on  side  of  1    q.^ 
tooth    J 

Ten  plates  are  exposed  by  wear  on  the  surflEU»  of  the  crown ;  and 
one,  or  it  may  be  two  more  have  been  worn  away  in  front,  whilst  a 
small  plate  or  talon  has  been  broken  off  at  the  hinder  end.  The 
disks  of  wear  of  the  seven  anterior  plates  are  entire,  the  eighth 
nearly  so,  whilst  the  ninth  shows  three  oblong  divisions,  and  tho 
tenth,  as  above  said,  exhibits  traces  of  eleven  or  twelve,  or  more, 
apical  digitations  just  beginning  to  wear.  The  oast  unfortunately 
^ords  no  clear  indication  of  the  sculpturing  of  the  enamel-surface. 

The  disks  are  very  slightly  arched  transversely,  and  have  no 
tendency  whatever  to  a  median  expansion.  The  sides  are  parallel 
and  the  ends  rounded,  and  not  in  the  least  retroflected.  The  enamel 
is  strongly  crimped,  and  the  crimping  extends  round  the  ends  of  the 
disks. 

From  the  number  of  plates  and  the  length  of  the  tooth,  I  re* 
gard  ii,  not  as  the  penultimate,  but  as  the  antepenultimate  upper  left 
molar.  If  met  with  in  the  recent  condition,  no  one,  I  think, 
would  hesitate  for  a  moment  to  refer  it  to  E.  Indieus ;  but  when 
regarded  as  a  fossil,  it  is  interesting  and  important  to  notice  the 
points  in  which  it  appears  to  differ  from  a  corresponding  tooth 
of  that  species.  These  are: — (1)  its  considerable  curvature;  (2) 
its  somewhat  greater  proportionate  breadth,  which  in  M  1  of  E.  /n« 
dicuSy  BO  far  as  I  am  aware,  rarely,  if  ever,  exceeds  2*5  or  2*6  inches ; 
and  (3)  the  greater  thickness  of  the  plates,  which  in  the  Indian 
species  averages  about  *48  inch,  though  it  occasionally  reaches  *53  inch, 
and  in  the  lower  molars  very  rarely  as  much  as  '6  inch.  But  these 
differences  do  not  appear  to  be  of  much  importance,  and  there 
seems  to  be  every  reason  to  believe  that  the  Japanese  fossil  tooth 
belonged  to  a  form  of  E.  Indieus,  with  teeth  somewhat  larger  than 
the  average  of  the  existing  one. 


5.  On  the  Charactebs  of  some  new  Fossil  Fish  from  the  Lias  of 
Lyme  Eeois.  By  Sir  Philip  Gret  Egebton,  Bart.,  M.P.,  F.KS., 
F.G.S. 

Of  all  the  noted  localities  for  fossil  remains  in  Great  Britain  not  one 
exceeds  L3rme  Eegis  for  the  number,  variety,  and  interest  of  the 
forms  of  ancient  life  which  have  been  there  discovered.  Ever  since  the 
earliest  results  of  Miss  Mary  Anning's  extraordinary  success  in  col- 
lecting remains  of  extinct  animals  were  made  known,  scarcely  a 
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year  hds  passed  \\ilh()ut  some  revelation  of  Liassic  tinics  having 
iictn  elicited  bv  the  assiduity  of  the  collwtors  in  that  far-famed 
Ineality.  <U'  lisli  alone  we  now  reekon  thirty-one  distinct  jreneni. 
eoinpri'^iiijjj  seventy-nine  sj)oeie8 ;  and  of  the  latter  not  more  than  two 
or  three  liave  been  clearly  identitied  as  oe<!iirring  elsewhere.  The 
following;  is  a  slu>rt  description  of  some  of  the  novelties  which  have 
oct'urretl  in  the  last  year  or  two.  As  the  s^K^eimens  are  large  and 
w»)rthy  of  lull  pi<tnrial  illustration,  the  more  dctailwl  account  will 
be  r(  serve«l  for  one  of  the  forthcoming  Decades  of  the  Memoirs  of 
the  (ii'olD^iral  Survry. 

OsrK.oKVciiis  MACKocKpnALVs,  gen.  ct  spec,  nov.,  Kj^erton. 

The  (les<ri])lion  of  tliis  now  genus  is  taken  from  three  sixvimens 
in  the  (•«>lleitinn  of  the  Earl  of  Knniskillen.  The  mast  remarkable 
fratures  in  theui  are  the  massive  dimension?,  and  complete  t>ssilica- 
tioii,ot'  the  bodies  of  tin- vertebra*;  and  these  havesu«rgested  the  generic 
aj»pellati«)ii.  They  all  appear  to  ])elong  to  one  species,  eharacteri/ed 
by  th«'  large  size  of  the  h<»ad  and  the  multiplicity  of  the  teith.  It  i* 
([uitr  possible  that  a  small  fragment  of  a  jaw  in  the  same  coUcctioii. 
nninMl  by  Professor  Agassiz  Kiujiinthus  pohjodou,  may  have  belonged 
to  this  sperio,  in  which  case  (if  proved)  the  si>ecitic  name  1  have 
adopted  \N  ill  have  to  be  replacx'd  by  '^  jtofifoifon."  The  tish  when 
entire  nnist  hav(»  been  two  feet  or  more  in  length  ;  the  head  mea- 
sures 7  inilus.  The  deepest  part  of  the  body  was  at  the  shmdder- 
girdle,  from  whirh  ]>oint  the  outlines  gradually  convergi*,  until  at  the 
ventral  tins  tlu'  (bpth  is  lU  inches.  The  bones  of  the  head  arc 
largely  <h'velo[»ed,  especially  the  epitym])anic  and  hypotympanic  «t 
(piadrate  bone.  The  latter  has  a  strong  articulating  c<»ndyle  for  the 
altachnunt  of  the  lower  jaw.  All  the  bones  in  the  oral  cavity  aw 
d(n>ely  In-set  vrixh  snndl  shfirp  teeth,  associateil,  on  the  niaxillin', 
j)n  iiiaxillaiy,  ami  mandibular  Ixmes,  with  conical  twth  of  larger 
dimensions.  The  surface  of  the  head  was  roughly  ornamentiHi  with 
elevated  blotches  of  enamel  of  varying  form  and  size.  Tlie  column 
(Mjntained  (d»out  forty  vertebne,  measuiing  nearly  half  an  inch  each 
in  diameter :  they  are  completely  ossified.  The  neural  processes 
an*  proportionjitely  strcmg,  and  are  united  to  the  centres  by  broad 
bases.  The  pectoral  Jins  are  long  and  broad;  the  component  rays 
are  single  for  an  inch  and  three  quarters,  but  are  bifurcate  and  cross- 
jointed  in  the  distal  portion  of  the  fin.  Tlie  ventnil  fins  are  of 
moderate  dimension 'j,  and  contain  about  eight  rap  each  ;  they  are 
snpp<»rted  by  strong  pehic  bones.  Tlic  dorsal  fin  is  immediately 
over  the  Vent i-als  ;  the  interspinous  bones  supporting  it  are  long  and 
strong.  There  are  no  fulcral  or  marginal  osselets  discernible ;  but 
the  main  rays,  to  the  number  of  a  dozen,  arc  preserved.  The  anal 
fin  is  j)laced  near  the  tail ;  it  contains  seven  or  eight  rajs.  The 
caudal  organ  is  not  preserved  in  any  of  the  specimens.  The  scales  are 
large  ami  solid,  firmly  locked  together  by  a  pin-and-socket  appara- 
tus. The  snrfaee  is  iieset  with  tiibcrcles  and  granules  of  a  lustrous 
ganoine,  cr)arser  and  more  frequent  on  the  scales  covering  the  an- 
terior and  middle  part  of  the  tnmk  than  on  those  nearer  the  taiL 
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A  few  obsolete  strice  are  visible  here  and  there  in  some  of  the  speci- 
mens, tenninating  in  a  slightly  notched  margin ;  but  as  this  charac- 
ter is  very  limited  in  extent,  it  can  hardly  be  considered  of  specific 
value,  as  far  as  the  present  evidence  extends.  This  genus  belongs 
to  the  Sauroid  family  of  the  Ganoid  order  of  Agassiz. 

IsocoLiJM  GRANULAirM,  gcu.  ct  spcc.  uov.,  Egcrton. 

This  is  another  novelty  from  the  Lias  of  Lyme  Eegis,  also  in  the 
collection  of  the  Earl  of  Enniskillen.     As  the  anterior  part  of  the 
head  is  deficient  it  is  impossible,  in  the  absence  of  the  teeth,  to  say, 
with  any  certainty,  to  what  family  it  belonged.     It  has  some  resem- 
blance to  the  larger  species  of  Fholidophoriis  found  in  the  Solenhofen 
slates,  but  more  to  the  Sauroid  genus  Caturus,     For  elegance  of 
form  this  fish  can  vie  with  a  Salmon  of  modem  time,  the  contour  of 
the  two  being  very  similar.     The  specimen  is  unique.     It  measures 
18  inches  in  length,  the  snout  and  tail  being  both  wanting.     The 
head  is  small,  occupying  about  one- fifth  of  the  length.   The  shape  of 
the  body  is  fusiform  or,  rather,  elliptical.   The  dorsal  fin  occupies  the 
exact  centre  of  the  back,  and  the  ventral  fins  a  similar  position  on 
the  ventral  surface.     The  anal  fin  is  central  between  the  ventral 
fins  and  the  tail.     The  depth  of  the  body  at  the  dorsal  fin  is  4^ 
inches ;  and  the  contours  of  the  fish  converge  gradually  and  symme- 
trically fore  and  aft,  until  the  diameter  at  the  shoidder-girdle  is 
3  inches  and  at  the  tail  2  inches.     The  opercular  apparatus  is  rather 
slight.     The  component  plates  are  finely  granulated  on  the  surface. 
The  column  contains  forty-six  vertebrae  well  ossified.     The  spinous 
appendages  are  slight  in  the  fore  part  of  the  column,  but  behind  the 
dorsal  fin  above  and  the  vent  below  they  assume  a  fuU  and  vigorous 
development.     In  advance  of  the  dorscJ  fin  there  are  twenty  inter- 
spinous  bones  not  bearing  dorsal  rays  ;  a  similar  arrangement  occurs 
in  Caturus,  Thrissops,  and  some  other  fossil  forms,  as  well  as  in 
Lepidosteua,  the  ClupeicUe,  and  other  recent  fishes.     These  are  suc- 
ceeded by  seventeen  large  interspinous  bones,  bearing  the  rays  of  the 
dorsal  fin ;   the  two  or  three  anterior  rays  are  short,  and  above 
these  fulcral  rayst  he  margin  of  the  fin  is  finely  fringed;    the 
fiifth  ray  is  the  largest,  but  tho  entire  fin  is  small  compared  with 
the  size  of  the  fish ;  the  rays  are  cross-jointed  at  the  extremities, 
but  not  bifurcate.     The  pectoral  fins  contain  twelve  rays  each,  the 
first  being  very  stout  and  triangular  in  section ;  they  correspond  with 
the  rays  of  the  dorsal  fin  in  being  cross-jointed  in  their  distal  parts 
and  not  split.     The  ventrals  have  a  tolerably  strong  pelvic  support 
nearly  an  inch  in  length ;  the  fins  are  comparatively  large,  measuring 
1|  inch  in  length,  and  being  composed  of  twelve  rays  each  ;  unlike 
the  other  fins,  their  rays  are  bifurcate  at  their  extremities.     The  anal 
fin  occupies  a  central  position  between  the  ventral  fins  and  the  tail ; 
it  contains  ten  short  rays  articulated  to  ten  strong  interspinous 
bones.     The  caudal  appendage  is  wanting,  but,  guided  by  the  large 
size  and  spatulate  form  of  the  last  vertebral  processes,  it  is  presuma- 
ble that  it  was  an  organ  of  great  power.     The  scales  are  of  moderate 
dimensions,  not  so  thick  as  those  of  Eugnathus,  Osteorachis,  and  other 
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t*iiiirniit  getiprn,  imd  in't  sa  tliin  iia  those  of  Ciiturns,  PtieJii/n 
Tlinsi">ps.  The)'  il»  nut  Viirj"  no  raueli  in  sizo  ns  is  usual  in 
nu'Tit  ion  I'll  li.-lii's  ;  llu'y  nisi'  liiffer  from  them  in  tlip  coiiett: 
tinti  nf  the  SI irfiitc-iin lament  over  the  whole  body,  even  to  t 
ctiih's  lit  tliL'  riHit  nf  Ihr  tnil.  Tliis  ornament  consists  of  p 
(.•iinTiii'l  iiiti'rspTscd  with  Hue  ridgifts  of  the  same  niateriu 
tiMi'lhtT  II  s('n<;s  nf  [lattems  of  pTuat  beauty.  The  jujsl 
niiirr-'iiiH  of  the  sctili'S  iin-  shnqily  dcntnte,  cspeeially  in  tbi 
jBirts  "f  the  IhhIv.  The  p-tiLTic  title  of  this  fish  ie  frroiii 
the  mniirkuhle  "pj-ninietry  unil  hnkne.-  of  piirts  wliieli  il 
If  biili-i'il  (ir  even  iiunrtcnul,  the  wvcrul  halves  or  i]UAn 
viTy  mvirly  L'liiTcspiuul  with  eaeli  other.  1  know  of  no  o 
fisli  i<{  whiVh  thin  entihi  Tjo  wiid. 

l[ni/ii'inoi-.s  .iiLo,  EgiTton. 

Suiiie  yeiif.-i  .'igr.  I  detected,  in  the  colleelion  of  5[r.  II 
fhiiniviiith.  u  s|">.'iiuL'M  cif  11  fussil  fish  evidently  bfli.ii^'i 
('..■l^ii'iKiili  I  mill'.  A-!liiswnsthefirst  evidence  of  ihc  ne. 
niiy  iiutiil' ■  \   ill  tlic  Lias  (nlthongh  we  were  : 

with  .'iivi  I  !;■   ilio  t'niil  mid  Pi-nuian  ftirnmtir 

mill  ill  ill"  "  iii-  ■11';  ('b:ilk  uhnvn),  it  iiitt.'rc^teil  me  mi 
tiHik  il'iwu  II  -.lnjil  iiir-i,iiiit  (if  its  chnracturs  nnd  pivo  it  t 
nimn'  of  Il;h.,>hi.v'i.v.  ilh  rdVirnce  to  the  fiiet  thnt  nn  cntir. 
in  si'L-u  ill  the  sir)iim,h.  Thin  deMcri])tion  wna  not  made  p 
IMII,  wlii'ii  rinfcs^Mi-  Iliixley  printed  it  in  n  note  at  the 
of  the  Hull  \)yv.:y'\f  of  the  MemiiSrs  i.f  the  Ucolopicnl  Sur 
I'liiteil  Kiii[,'iloiii.  Tlie  Biiei-impn  it«elf  jmsiwd  into  the  po 
llii'  Jennvn-Stii'ct  ^hiseiim,  and  still  remained  unique  in  1 
I'ml'i ■>:;'"■  ll'i\'-y  rTi.-virlui-i-d  the  former  description  in  tht 
i-iide,  uii'i  ■■  .:     ■    ,  liili(i;;raphic  reprewntulion  of  th 

winie-  villi'    ...  .  1.-   rm  the   nlBnities  of  the   gei 

mitmira,  ^i.^^■  \i  i  '  I  Mil.,  vkitch  ■wiw  scnl  me  of  u  fish  rei 
eoveri'd  m  L\ri:e  lirL;is,  whiili  1  at  once  recogniipd  to  1 
nitii'cnt  exiimple  -if  the  jtenuH  JMuiiJf'fiax.  I  have  Rini 
(>]i]iiivtiinily  nf  i-xiiriiinini,'  the  original,  nf  whleli  Ixird  Em 
ihe  I'iMtiiniite  imsscssiir.  Of  the  vust  number  of  f.wsil  fis 
hiiTi'  jirissi'.l  ilinin^'li  ijiy  hanilw,  1  look  upon  this  ns  tbc 
the  iii<»t.  iiii|>iiri:iiit  in  ii  Nc'ieiititic  point  nf  view,  aa  it  rl 
iiiii>'t  jieiiei't  r.iniliiiim  all  the  remarkable  features  of 
eririniis  mid  iiiiiiniiilinis  fninily.  Tlie  inihvidual  is  rather 
one-tliinl  luiifier  limn  ihe  spceimen  first  descrilied,  hut  I 
111  (ii'tiet  iiiiy  [mints  of  npeeifie  difl'erenee.  Ah  rc;ntnls 
iiiii'al  ih'liiiJH  'illiiileil  to  in  the  former  divcription,  this 
virldfi  iiiillitn?  t>i  iiUiT  and  little  to  add;  the  most  ehs 
■fentimM  of  Ibe  ;jenui4  uto  intelligible  in  both.  The  oceni 
dniilile  stylifomi  bune  Ruppiirtinf;  the  nnal  fin,  analoftous 
the  bii.ie  of  ibe  wcr.nd  dorsal  fin,  is  Ihe  only  additional 
have  III  iioliee.  The  prJFu-ipid  value  of  the  reeently 
BjH'C-inieii  is  ihe  pii'servali'm  of  the  hvad.  As  I'rofeBBor  H 
niaih'  lbi'<  Nitli|eet  his  own  by  the  admirable  manner  in 
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has  worked  out  the  details  of  the  cranial  osteology  in  the  other 
genera  of  the  Coolacanths,  and  as  he  has  undertaken  to  follow  up 
that  inquiry  hy  a  minute  description  of  the  specimen  now  under 
consideration,  in  a  future  Decade,  I  shall  only  remark  that  the  con- 
tour of  the  head  is  remarkably  similar  to  that  of  Macropoma  in 
the  declivity  of  the  frontal  line  and  the  general  form  of  the  com- 
ponent bones,  and  that  this  specimen,  taken  as  a  whole,  substan- 
tiates entirely  the  truth  of  Professor  Huxley's  demonstration  of  the 
remarkable  persistence  of  type  prevailing  in  this  particular  family 
through  the  vast  periods  of  geological  time  which  must  have  elapsed 
between  the  deposition  of  the  lower  beds  of  the  Coal-measures  and 
that  of  the  Chalk  formation;  and  that  I  entirely  agree  with  him  in  the 
restricted  view  he  takes  of  the  Coelacanth  family,  by  excluding 
many  of  the  genera  assigned  to  it  by  Professor  Agassiz. 

EULEPIDOTUS  SAUBOIDES,  SpCC.  UOV.,  EgCrtOU. 

When  Professor  Agassiz  first  propounded  his  new  classification  of 
fishes,  the  fossil  forms  then  known  were  quite  insignificant  in  number 
compared  with  the  voluminous  lists  we  now  possess.    It  is  therefore 
not  surprising  that  the  progress  of  discovery,  by  disclosing  new  forms, 
should  have  rendered  it  imperative  upon  subsequent  observers  to 
suggest  some  modifications  of  the  original  scheme,  especially  with 
reference  to  the  Ganoid  order,  with  a  view  to  arrange  systematically 
these  new  materials.     The  subject  of  the  present  description  raises 
the  question  of  the  validity  of  the  distinctions  between  the  Lepidoid 
and  the  Sauroid  families   of  the  Ganoid   order,  as  proposed  by 
Agassiz.     The  genera  Lepidotus  and  Eugnathm  may  be  selected  as 
fair  types  of  the  two  families.     The  former  is  a  massive  fish,  with  a 
thick  head  and  blunt  muzzle,  in  form  very  much  resembling  a  Carp 
of  the  present  day ;  the  teeth  vary  from  the  crushing  type  (resem- 
bling those  of  the  Pycnodonts)  to  a  more  elongated  conical  form.   The 
body  is  covered  with  thick  rhomboidal  scales  of  large  and  tolerably 
uniform  size  on  the  flanks  and  belly;   the  fins  are  of  moderate 
dimensions,  not  calculated  for  swift  progression,  and  the  tail  is 
homocercal.     The  latter,  on  the  contrary,  is  a  slender  fish,  tapering 
gradually  from  head   to  tail ;   the   teeth  are  of  two  sizes,  as  in 
Lepidosteus  of  the  present  day,  the  long  and  sharp  prehensile  teeth 
being  intermixed  with  small  needle-shaped  teeth,  for  retaining  the 
slippery  prey ;  the  dorsal  fin  is  not  far  back,  and  the  semiheterocercal 
tail  is  an  organ  of  great  power ;  the  scales  are  small  compared  with 
the  size  of  the  fish,  and  vary  much  in  shape  and  size  in  the  different 
parts  of  the  body ;  in  particular  on  the  ventral  region,  and  espe- 
cially around  the  insertions  of  the  fins,  the  scales  become  as  much 
elongated  as  the  scales  of  Ptycholepis,     In  every  respect,  therefore, 
this  is  a  fish  of  prey,  having  all  its  oi^anization  specially  adapted  for 
a  predatory  life,   as  the  former  may  be  considered  adapted  for 
sluggish  habits  and  a  testaceous  or,  may  be,  herbaceous  diet.     The 
subject  of  this  notice  occupies  an  intermediate  station  between  these 
two  forms.     The  body  is  more  elongated  than  in  any  Lepidotus — ^as 
much  80,  in  fact,  as  in  Eugnathus  Fhilpotice,    The  head^  8ltkQ>xx3^ 


n-liulc  it  is  more  like  thitt  > 
am  acriuainU'd  with  sevcni 
somi!  only  fiiigmeiitarj- :  t 
with  Eiitfiialhiu,  partly  with 
feet  specimen  led  to  the  re 
Eaniskillon's  best  specimen 
without  the  tail,  vlule  my  i 
within  the  same  limits.  Th 
measurementa  of  the  two  q>e< 

Ilnd   '.'..'.".'.'.'.'.".' '.'.'".'.'.".'."!1, 

Kape  tu  dorsal  flu  

Donalfin    

Doisal  fin  to  Uil 

TttU  (imperfect) 

Doreal  to  Tentrnl   fin 

Ventral  to  anal  Sn 

Anal  to  tail 

Depth  at  shoulder 

Depth  at  dorsal  Bn 

Depth  behmd  dorsal  fin    

Pedkle  of  tail 

Breadth  of  head 

These  moaflnrements  corresp 
aider  the  two  specimeiu  as  belt 
tails,  therefore,  will  be  taken  i 
the  state  of  preecrvation  of  the  p 
cimen,  belonging  to  Lord  Enni 
either  of  those  yielding  the  abo 

It  will  be  seen  from  thn  TbM 
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cate,  and  frequently  cross-jointed.  The  tail  is  a  powerful  organ, 
more  so  than  in  the  t3rpical  Lepidoti :  the  upper  lobe  is  strengthened 
by  a  series  of  strong  scales  imbricating  the  upper  edge  of  the  fin ;  it 
contains  eighteen  long  rays :  the  lower  lobe  is  composed  of  twenty 
rays,  and  has  the  inferior  margin  invested  with  fulcral  scales.  All 
the  component  rays  are  cross-jointed,  and  the  extremities  frequently 
bifurcated.  The  head,  in  shape,  resembles  that  of  Pachycormus^ 
being  broader  and  more  blunt-nosed  than  in  Evgnathus,  but  smaller 
and  more  elongated  than  in  Lepidotus,  The  lower  jaw  is  straight, 
and  measures  from  3  to  3^  inches ;  it  is  famished  with  numerous 
sharp  hooked  teeth  of  irregular  size,  resembling  the  dental  apparatus 
of  the  true  Sauroid  fishes.  The  maxilla  is  2|  inches  in  length ;  the 
teeth  in  this  bone  are  smaller  and  more  irregular  than  those  on  the 
mandibles.  All  the  head-bones  are  of  dense  structure,  and  have  a 
coarse  surface-ornament  composed  of  granules  and  blisters  of  ganoine 
irregularly  disposed  in  clusters  here  and  there,  the  remainder  of  the 
surface  being  smooth  and  lustrous.  The  scales  on  the  anterior 
part  of  the  trunk  have  all  the  characters  of  the  scales  of  the  typical 
Lepidoti ;  but  on  the  ventral  surface  of  the  body  they  assume  an 
elongated  form,  characteristic  of  the  scales  in  this  region  of  the 
Evujnaihi.  This  character  is  common  also  to  two  species  now  clas- 
sified as  Lepidoti,  namely,  Lepidotus  Jimhriatus  and  Lepidotus  serru- 
Jatus,  the  former  from  Lyme  Il<igis,  the  latter  from  Barrow-on-Soar. 
In  his  description  of  the  latter  species,  Agassiz  remarks  upon  this 
elongation  of  the  scales  on  the  ventral  surface ;  and  Pictet  alludes  to 
the  former  as  a  species  whose  generic  position  is  still  doubtful. 
Agassiz  only  knew  it  by  some  very  fragmentary  specimens ;  perfect 
ones  have  since  been  found,  and  prove  that  it  had  sharp  teeth  and 
elongated  ventral  scales,  although  the  body  had  the  thickish  outline 
of  the  true  Lepidoti.  I  am  of  opinion  therefore  that  these  two  species 
may  be  classified  as  a  subgenus  with  the  subject  of  this  memoir, 
under  the  name  of  Euhpidotus,  and  as  forming  part  of  the  Sauroid 
rather  than  the  Lepidoid  family.  As  far  as  our  present  knowledge 
extends,  this  form  is  restricted  to  the  Lower  Lias. 


6.  Note  accompanying  some  Fossils  from  Port  Santa  Cruz,  Pata- 
gonia.    By  Capt.  Thomas  Baser,  Lieut.  Boyal  Naval  Beserve. 

[Communicated  by  the  AssistaDt-Secretary.] 

(Abstract.) 

The  entrance  to  the  river  Santa  Cruz,  which  is  about  134  miles 
north  of  the  Straits  of  Magellan,  lies  between  a  high  steep  cliff  on 
the  south  and  a  low  shingle  point  on  the  north.  The  estuary  of  the 
river  runs  in  a  north-westerly  direction  for  a  few  miles,  and  then 
divides  into  two  branches : — a  northern,  which  is  a  sluggish  shallow 
stream  aboimding  in  shoals ;  and  a  western,  which  is  of  more  im- 
portance to  navigation,  and  is  the  true  river  Santa  Cruz.  From  the 
estuary  the  western  arm  takes  a  south-westerly  course,  and  then  bends 
sharply  to  the  west,  flowing  between  cliffs  from  200  to  300  feet  in 
height,  which  at  present  are  not  washed  by  the  river,  bcwv^Wc^^t^ 
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l»y  !i  slopinp:  ])eaeh  about  300  ftjot  in  width.  The  lowest  stratum  ia 
th(^  (.'litr  is  ;i  blue  nxk,  upon  which  is  a  bed,  4  fc«t  thick,  larjrely  com- 
])«)M(l  of  ;i  gii^anlic  sju'cioa  of  oyster  (Ostrea  Patajonicn,  D'Cirb.*): 
ui)oM  tills  rests  a  shelly  conglomerate*,  composed  almost  entirely  uf 
slif'lls,  and  rendered  liard  and  coherent  bv  a  calcareous  cement.  Tlie 
u])]»er  ])(»rtiou  of  tlio  eliti",  from  tlie  top  of  this  conglomerate  to  the 
suiiiinit,  consists  of  a  blue  sandy  clay  containing  pebbles  and  s»mall 
shells.     The  actual  height  of  the  clitf  at  this  point  is  2^0  feet. 


7.  On  Jt'kassic  Dr-rosiTs  in  the  Nouth-west  Himalaya.  By  Fkrm- 
XANi)  SroLirzK  V,  rii.D.jF.G.S.,  Palu}ontoh»gist  to  theGeol»i:iial 
Survey  of  India. 

J.v  Mr.  Tnte's  y)}iper  on  the  South- African  fossils  t  several  slatenient,-* 
occur  NNliicli,  if  admitted  as  correct,  would  render  veiy  disoouniinnp 
the  pr(»spects  of  an  accurate  study  and  the  determination  of  tlie  ajze 
nf  Jui'Mssie  rocks  in  extra-European  countries.  I  do  not  at  pn'?^!il 
wish  t«)  ])r(»n<)uncc  an  opinion  upon  Mr.  Tate's  discU!?sions  and  idra.< 
on  the  '*  di>tribHtion  of  the  lower  members  of  the  Mesozoic  rocks  over 
the  surriKi"  of  the  earth,  and  the  laws  that  apparently  were  in  opora- 
ti<»n  during  their  deposition  ;'*  but  I  may  be  allowed  to  say  a  few 
words  with  refrrenco  to  Himalayan  Junissic  rocks,  with  which  lam 
personally  a<-(]U.*iinted. 

The  rocks  to  which  I  allude  are  those  of  the  Spiti  valley  and  the 
neii:hb(»urin":  districts  of  the  north-west  Ilimalava.  Mr.  Tato 
remarks  (lnc.cit.  p.  1<IS),  "for  though  Dr.  Stoliezka  has  endeavimred 
to  (\'Ntahlisli  a  delinite  succession  of  strata  analogous  to  several  mem- 
bers of  European  Jura«,  yet,  in  my  opinion,  he  has  failed  to  esta- 
blish a  true  correlation;  for  the  fossils  which  in  Europe  l»elonj;  to 
determinate  stages  in  the  geological  scale  ore  confusedly  associated 
to,%'ether  in  the  vaiious  members  of  the  Spiti  equi\-alents  of  the 
Jurassic  rocks.'' 

It  is  eN-ident  that  ever}-  geologist  who  is  not  able  to  procure  access 
to  my  original  papers  ^  will  believe  that  my  survey  of  the  Spili 
valley  and  the  determination  of  the  fossils  were  only  a  gnes-^work, 
and  that  what  European  geologists  call  Lias,  Dogger,  and  Midm 
are  in  the  Himalaya  only  represented  by  one  eguivalent  of  Juras$if 
HK'ls.  in  which  fossils  of  the  (fifferent  formations   are  confusedlfi 

(KSarl'lttd. 

Though  I  cannot  doubt  for  a  moment  that  anybody  in  possession  of 
my  [lapers  would  ho  able  to  form  for  himself  an  opinion  as  to  the  correct- 
ness or  incorrectness  of  ^[r.  Tate's  statement,  still  a  short  account  of 
the  Jurassic  deposits  as  developed  in  the  Spiti  valley  may  be  welcome 

*  I  With  tlie  ex<'Opt  ion  of  lhi8  8i)eeic8,  the  fowiU  eullected  bj  Cant,  Baker  differ 
from  th«)}*<'  Soiitli-AiiHTii^m  Tortiurr  forms  described  either  by  D  Orfaigny  or  bj 
Sowi-pljy  ( in  Darwin's  '  South  America  *).  although  Kome  of  them.  e.y.  a  Strutkh^ 
hi/'ui,  u  Tt.rritilhiy  aiul  a  Nittird^  appear  to  be  closely  allied  to  thotic  collected  bj 
J)ar\viii,     I'^D.  1 

t  C^uart.  Journ.  Ge<»l.  Soc.  vol.  xxiii.  ii.  139. 

*  "StviioiH  ari'o.ss  tlio  North-weift  nimabtyas  from  the  Sutlej  to  the  Indusi 
iS: (•..*' and  *'Suniuiar\  of  Geuh>gicnl  Obficn'at ions.  «Slc./*  Mem.  Qeol.  Surrey  of 
India.  \^^V>-A>\.  \u\.  \.  \A.  V.  ■^.  \,  v«A\A.»^.  "^.  33T. 
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to  many  readers  of  this  Journal.  However,  before  entering  into  any 
details,  I  must  particularly  direct  attention  to  the  meaning  of  the 
words  ^^  Jura^*  or  ^* Jurassic,'*  as  applied  by  Mr.  Tate.  On  p.  168 
{he.  ciL)  the  following  passage  is  to  be  found.     ''  The  Jurassic 

series is  reduced to  beds  representing  the  Lower  and 

Middle  Jurassic  beds,  from  the  Lias  to  the  Oxford  Clay  inclusive," 
&c.  This  plainly  shows  that  Mr.  Tate  uses  term  the  Jurame  as  in- 
cluding the  three  formations  known  under  the  names  of  Lower, 
Middle,  and  Upper  Jurassic  rocks,  or  Lias,  Dogger,  and  Malm,  or 
Black,  Brown,  and  White  Jura,  &c. 

In  my  memoirs,  previously  noticed,  I  have,  among  the  Jurassic 
rocks  of  the  Spiti  valley  and  the  North-west  Himalaya,  distinguished 
the  following  formations  : — 

,    J .  (a.  Lower  Tagling  limestone. 

\h.  Upper  Tagling  limestone. 

n    j\  \  c.  Jurassic  slates  (not  specified). 

Ogge  ....       I    ^^        gp.^.      gJmJgg 

3.  Malm  (?)....     e.  Gieumal  sandstone. 

X.   XjIAS. 

a.  The  Lower  Tagling  limestone  generally  rests  unconformably  on 
the  Lower  or  Upper  Triassic*  limestone ;  it  is  of  a  dark  grey  colour 
and  often  has  an  oolitic  structure.  The  weathered  surface  of  the 
rock  is  usually  rusty  brown,  showing  that  it  contains  a  considerable 
admixture  of  sandy  ingredients. 

The  characteristic  fossils  +  of  this  limestone  are  Terehratula 
gregaria,  Sss.,  T,  pyriformis,  Sss.,  T,  punctata,  Sow.,  Waldheimta 
Schafhceutli,  Stopp.,  Rhynchonella  obtusifrons,  Sss.,  It.  pedata,  Bronn, 
sp.,  R.  fissicostata,  Sss.,  R.  Austriaca,  Sss.,  R.  variabilis,  Schloth., 
R.  ringens.  Her.,  PectenValoniensis,  Defr.,  Lima  densicostata,  Quenst., 
Avicvla  ina^ivalvis.  Sow.  Besides  these,  I  have  described  three 
new  species  ofBelemnites  (B.Budhaicus,  B.bistdcatus,aiLd  B.Tibeticus), 
and  a  large  number  of  other  new  species  of  MoUusca,  which  it  is  not 
necessary  to  mention  here  in  particular,  as  they  have  no  special 
value  in  point  of  a  comparison  of  our  deposits  with  those  of  Europe. 
All  the  above-noted  species,  however,  are  well-known  Liassic  fossils ; 

*  I  have  not  as  yet  been  able  to  distinguish  properly  between  the  Lower  and 
Middle  Triaasic  beda.  The  limestones  which  appear  to  represent  these  dirisions 
are  perfectly  alike.  It  is,  however,  possible  that  (making  use  of  the  latest  re- 
searches of  Alpine  geologists)  the  beos  with  the  Ceratite-like  Ammonites  may  be 
shown  to  represent  the  Lower,  and  those  with  the  Hallstadt  Arcestes  and  Ortho- 
ceroB  the  Middle  Trias.  As  Upper  Trias  I  have  quoted  the  beds  with  MegaJodcm 
iriqueter  and  Dicerocardium.  I  aldo  stated  that  if  the  name  Bhtstic  had  to  be 
retained,  it  could  possibly  be  applied  to  these  beds ;  but  it  is  hardly  necessary  to 
use  it  for  the  beos  with  the  Xossen  Brachiopoda  Terebratulu  gregaria,  Bnyn- 
choneUa  obtiistfrons,  &c. ;  for  the  fauna  of  these  beds  is  a  truly  Liassic  one.  I 
have  diMnissed  this  point  with  several  of  my  firiends  at  home,  and  they  mostly 
agree  as  to  the  Liasnc  character  of  their  fauna. 

t  I  must  particularly  remark  that  all  the  fossils  which  I  quote  here  have 
been  ooUeotea  either  by  my  colleague,  Mr.  T.  B.  MaUet,  or  myself.  None  hare 
been  aooepted  on  foreign  authority. 
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and  most  of  the  Brachiopoda  have  as  yet  only  been  found  in  the 
lowest  beds  of  the  Lias,  known  to  European  geologists  under  the 
name  of  Rho^tic  or  Avicula-contorta  beds,  or  under  the  name  of 
Kossner-Schichten.  None  of  the  species  have  to  my  knowledge  been 
found  in  other  than  Liassic  beds,  and  I  have  not  met  in  the  Hima- 
layas with  an  exception  from  this  rule. 

6.  The  Upper  Tai/ling  limestom  is  of  a  similarly  dark-grey  colour  as 
the  previous  one,  but  it  is  generally  dolomitic.  Strati^raphically 
both  are  rather  difficult  to  separate.  Fossils  have  been  met  with 
only  in  one  place ;  but  those  which  have  been  identified  are  the  same 
which  occur  in  the  Liassic  beds  on  the  Hierlatz  (Lower  Austrian 
Alps),  and  of  which  I  published  a  monograph  in  1861  (Sitz.  Akad. 
Wien,  vol.  xliii.  p.  157).  The  species  are  Chemnitzia  undulatay  Bss., 
Trochus  htihthrusy  Stol.,  T,  epuluSy  d'Orb.,  T,  attenuatus^  Stol.,  and 
Terehratula  Simmunemns,  0pp.  Other  species  could  not  have  been 
identified  with  sufficient  accuracy ;  but  except  a  Belcmnite,  which  re- 
sembles B.  hisuJcatus  of  the  lower  beds,  none  of  the  fossils  have 
been  found  common  to  any  of  the  other  Jurassic  strata  of  the  Spiti 
valley. 

2.  Dogger. 

r.  I  met,  above  the  Lower  Tabling  limestone^  near  Gieumal,  a  thin 
bed  of  a  clayey  slate,  which  gradually  appears  to  pass  into  the  Spiti 
shales  overlying  the  same.  The  only  fossils  were  fragments  of 
BeUmnites,  and  a  Posidonomya  which  seems  to  be  identical  with  P. 
omata,  Quenst.,  of  the  Jjower  Oolite. 

d.  The  Spiti  shales  occupy  a  very  distinct  horizon,  and  are  litho- 
logically,  as  well  as  by  their  exterior  appearance  of  black  colouring, 
very  ea^sily  separated  from  any  of  the  other  strata.  Nearly  all  the 
Jurassic  Cephalopoda  which  have  at  different  times  been  brought  or 
sent  home  by  Himalayan  travellers  have  been  obtained  from  these 
beds. 

The  following  are  their  characteristic  species : — Ehynehonella 
varianSy  Schloth.  sp.,  Pecten  lens,  Sow.,  Trigonia  costata,  Park.,  Am- 
moniUs  macrocephalus,  Schloth.,  A,  Parkinsoniy  Sow.,  A,  curvicoBta^ 
Opp.,  A,  Brackenridgii,  Sow.,  A.  liparus,  Opp.,  A,  iriplicatitSj  Sow., 
A,  biplex.  Sow.,  and  Befemnites*  canaliculatus,  Schloth.  A  largo 
number  of  other  new  species  of  Mollusca  have  been  found  and  de- 
scribed, and  several  of  these  are  identical  with  species  from  the 
Middle  Jurassic  deposits  of  Cutch. 

3.  Malm(?). 

e,  Gieunud  Sandstone, — The  beds  which  I  have  distinguished  by 
this  name  generally  rest  conformably  on  the  Spiti  shales,  from  which, 
however,  they  are  lithologically  very  distinct.     They  are  umially 


*  The  Liassio  B.  clawshu  is  doubtful ;  and  similtr  Dogger  ipeoimeoe 

have  been  referred  to  it  in  Europe  are  pow  generally  regarded  aa  baloiigmg 
to  different  species,  though  the  distinctions  have  as  yet  not  been  aatidEaetoriij 
proved. 


1868.]  SALTER — COAL- PLANT  FROM  SINAI.  509 

thin -bedded,  partially  siliceous  and  conglomeratic,  partially  c-alcare- 
ons  sandstones  of  a  light-brown  or  yellowish  colour. 

The  only  two  European  species  which  I  have  met  with  in  these 
beds  were  Avicvda  echinatay  Sow.,  and  Amtismm  (Pecten)  demissum, 
Bean.  Our  specimens  of  the  former  perfectly  agree  with  those  of 
the  Combrash  type,  and  of  the  latter  with  Komer's  Pecten  vitreus 
from  the  Upper  Oolite  of  Germany.  With  reference  to  the  develop- 
ment of  the  Jurassic  deposits  in  the  Spiti  valley  I  have  classed  these 
beds  as  "  Upper  Jurassic,'*  stating  that  they  probably  may  be  the 
representatives  of  the  European  "  Malm."  I  based  my  opinion  upon 
stratigraphical  reasons  as  well  as  upon  the  discovery  of  a  number  of 
fossils  such  as  an  Ostrea,  a  Qnjphea,  Mi/tilus  mytiloidea,  Blf.,  Pecten 
bifrons,  Salter,  Anatina  Spitiensis,  StoL,  OpiSy  and  others,  all  of  which 
are  more  or  less  related  to  Upper- Jurassic  types  of  shells. 

The  Gieumal  sandstone  is  overlain  by  Cretaceous  rocks. 

This  short  account  of  the  Jurassic  deposits,  as  represented  in  the 
Spiti  valley,  and  characterized  by  a  number  of  well-known  European 
species,  will,  I  trust,  show  how  far  Mr.  Tate's  statements  with  re- 
gard to  the  failure  of  establishing  a  correlation  between  similar  de- 
posits in  Europe  and  the  Himalayas  is  correct.  I  cannot,  indeed, 
perceive  upon  what  grounds  those  erroneous  statements  were  made, 
but  I  am  sure  they  could  not  have  been  pronounced  upon  anything 
like  a  careful  examination  of  my  memoirs  on  the  Jurassic  and  other 
rocks  of  the  North-west  Himalaya.  I  have  not  quoted  a  single 
satisfactory  instance  where  the  same  species  has  been  found  to  be 
common  to  two  of  the  five  divisions  into  which  I  have  separated 
the  Jurassic  deposits  of  the  Spiti  valley.  Where  is  there  anything 
like  what  Mr.  Tate  calls  a  confused  association  of  fossils  belonging 
to  determined  stages  of  the  European  Juras  to  be  found  in  the 
Jui'assic  beds  of  the  Himalayas  ? 


8.  On  a  true  Coal-plant  (Lepidodendron) /rom  Sinai. 
By  J.  W.  Salter,  Esq.,  A.L.S.,  F.G.S. 

(Abstract.) 

Some  years  ago  Sir  K.  I.  Murchison  received  from  an  officer  travel- 
ling in  Arabia  some  sandstone  specimens,  picked  up  in  the  desert  of 
Sinai.  One  of  these  was  a  portion  of  a  Lepidodendron  (indicating 
the  existence  there  of  the  true  Coal-formation),  preserved  in  thin- 
bedded  sandstone,  harder  than  Coal-sandstones  usually  are. 

It  cannot  be  identified  with  any  known  European  species.  The 
scars  are  peculiar  in  form,  the  leaf-attachment  being  placed  very 
far  forward,  and  the  ridge  arched. 

Mr.  Salter  describes  it  as  follows : — 

Lepidodendron  mosaictjm,  spec.  nov. 

Scars  rather  square,  not  more  than  a  quarter  of  an  inch  in  length, 
and  about  the  same  in  width,  arched  in  front,  bluntly  acuminate 
behind.     The  leaf-attachment  placed  on  the  anterior  portion,  very 
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much  arched,  lunulate,  and  narrow,  with  distmct  but  not  very  pro- 
minent edges. 


9.  On  some  Fossiw  from  the  Menevian  Group.     By  J.  W.  Saltee, 
Esq.,  A.L.8.,  F.G.S.,  and  H.  Hicks,  Esq. 

[The  puUioation  of  tbis  paper  is  postponed.] 

(Abfltract.) 

The  authors,  after  describing  the  localities  and  stratigraphical  rela- 
tions of  the  Menevian  group,  proceed  to  describe  the  following 
species : — 

Paradoxides  aurora,  Salter,  represented  by  a  few  imperfect  heads, 
unattached  pleurae,  «kc.     Localities,  Porth-y-rhaw  and  St.  David's. 

P.  Bicksii,  Salter.  This  species  presents  a  singularly  interme- 
diate character,  reminding  us  equally  of  Paradox'ides  and  Anapo- 
lenus, 

Conocorkfpht  hufo,  Hicks,  represented  by  a  few  separate  heads,  and 
one  with  six  body-rings  attached.  Localities,  Porth-y-rhaw  and 
St.  David's. 

C.  applanata,  Salter.  Young  specimens  show  all  the  metamor- 
phoses observed  by  Barrande.  The  characters  of  such  genera  as  Jg- 
nostus  and  Microdiscus  are  as  clearly  seen  in  the  embryo  of  Cono- 
coryphe  as  in  the  adult  state  of  those  genera.  Localities,  Porth-y- 
rhaw,  St.  David's,  Maentwrog,  and  Dolgelly. 

C,  (?)  numerosa,  Salter.  Of  this  species,  a  part  of  the  head  and 
six  thoracic  rings  have  been  found.  These,  however,  show  charac- 
ters sufficient  to  indicate  that  it  is  specifically,  if  not  gonerically,  dis- 
tinct from  the  others.     Localities,  Porth-y-rhaw  and  St.  David's. 


10.  Beport  of  recent  Earthquakes  in  Northbrk  Fobjcosa.     By 
H.  F.  Holt,  Esq.,  H.M.  Consul  at  Tamsuy. 

[Communicated  by  the  Secretary  of  State  for  Foreign  Affiurs.] 

(Abfltraot) 

The  first  shock  felt  in  the  northern  end  of  the  island  took  place  on 
the  morning  of  the  18th  of  December,  1867,  and  lasted  about  fifteen 
seconds.  Many  buildings  were  destroyed,  and  many  lives  lost,  in 
Tamsuy.  About  fourteen  minor  shocks  were  felt  during  the  same 
day,  and  on  the  20th  another  violent  shock  occurred. 

At  Kelung  the  whole  harbour  was  left  dry  for  a  few  moxnentB ;  and 
the  water  returning  in  one  vast  wave,  ruined  into  the  town  itself 
Large  landslips  have  taken  place,  and  several  villages  between  Ke- 
lung and  Tamsuy  have  been  destroyed. 


W 
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11.  Memorandum  on  the  Coal-mines  of  Iwanai,  Island  op  Jssso, 

Japan.     By  A.  B.  Mitpord,  Esq. 

[Communicated  by  the  Secretary  of  State  for  Foreign  Affidrs.] 

(Abstract.) 

The  coal-minee  lie  two  miles  inland  from  a  village  called  Kaianoma, 
about  seven  miles  across  Strogonoff  Bay.  Four  seams  of  coal  have 
been  discovered ;  two  of  them  are  from  4  to  6  feet  thick,  one  is 
about  3  feet  thick,  and  the  fourth,  which  has  not  yet  been  thoroughly 
examined,  is  about  1  foot  thick.  The  coal  is  soft,  yields  from  10  to 
12  per  cent,  of  ash,  and  from  30  to  35  per  cent,  of  gas.  On  first 
being  lighted  it  sends  out  a  thick  black  smoke,  but  soon  bums  with 
a  clear  strong  flame,  and  leaves  no  clinker. 

An  experiment  was  made  with  some  of  the  coal  picked  out  from 
the  surface  of  the  seams,  in  the  galley-fire  of  H.M.S.  *  Salamis,* 
under  the  superintendence  of  the  chief  engineer.  79  lb.  of  coal  yielded 
17-27  per  cent,  of  ash,  1-5  per  cent,  of  clinker,  an  average  volume  of 
smoke,  and  a  strong  and  durable  fiame. 


12.  On  a  New  Species  o/ Fossil  Beer  from  Clacton.     By  W.  Botd 

Dawkins,  Esq.  M.A.,  F.R.S.,  F.G.S. 

[Plati  XVII.  &  Plate  XVIII.  figs.  1-8.] 

COXTKHTS. 


1.    Introduction. 


4.    Comparison  with  Cervus  dama. 


2.  Description.  5.    Probable  age  of  the  freshwater 

3.  Measurements.  |  strata  at  Claoton. 

1,  Introduction, — In  the  collection  of  fossil  mammals  found  in 
the  freshwater  deposits  of  Clacton  by  Mr.  John  Brown,  of  Stanway, 
and  now  in  the  British  Museum,  is  a  series  of  antlers,  forty-one 
in  number,  which  Mr.  Davies  could  refer  to  none  of  the  fossil  spe- 
ciee  of  the  genus  Cervus.  A  careful  examination  has  convinced  me 
of  the  truth  of  his  conclusion,  and  that  they  indicate  a  species  of  deer 
hitherto  unknown,  not  only  in  Britain  but  also  on  the  Continent.  For 
it  I  propose  the  name  Cervus  Browni  in  memory  of  Mr.  John  Brown, 
to  whose  indefatigable  labour  in  collecting  fossils  we  owe  very  much 
of  our  knowledge  of  the  Pleistocene  Mammalia.  Dr.  Falconer,  whose 
attention  was  directed  by  Mr.  Davies  to  some  of  these  antlers,  con- 
sidered them  to  belong  to  a  species  distinct  from  the  Axis  of  the  Crag 
and  Forest-bed  *,  being  unaware  at  the  time  that  the  nearly  perfect 

*  *  PaUeontologioal  Memoirs,'  vol.  ii  p.  478.  In  Brown's  Clacton  collection 
in  the  British  Museum  is  a  very  extensive  series  of  Deer-horns  nearly  all  be- 
longing to  one  species.  They  are  all  terete,  with  a  single  brow-antler  given  off 
rery  low,  as  in  tne  Val  d'Amo  Axis,  but  a  little  lower  and  pointing  more  for- 
wards above  the  brow-antler.  There  is  generally  a  long  reach  of  b^m  with  no 
branch.  How  the  beam  terminates  is  not  shown.  In  size  it  is  like  Mr.  King's 
jixis  from  the  Crag  and  Forest-bed,  but  it  differs  in  the  brow-antler  being  given 
off  lower,  and  in  not  having  the  same  pronounced  double  curve.  The  species  is 
evidently  distinct  (Cervus  Clactonianus). 
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antler,  Plate  XVII.  fig.  4  (which  shows  that  the  Clacton  deer  bad  no 
affinities  with  any  round- antlered  deer),  belonged  to  the  series  of 
fragments  which  ho  inscribed  in  his  note-book  as  those  of  Cervut 
Cluctonianus,  and  considering  that  the  antler  in  question,  which  is 
taken  as  the  type  of  the  species,  belonged  really  to  Cervus  dama  ♦. 
I  have  therefore  felt  justified  in  designating  the  species  after  its 
discoverer,  whose  name  has  been  as  yet  ignored  in  terminologj,  in- 
stead of  adopting  Dr.  Falconer's  manuscript  name,  which  he  never 
attempted  to  define. 

Evidence  derived  from  antlers  is,  in  the  main,  to  be  looked  upon 
with  suspicion,  because  of  the  great  variation  in  form  that  they  pre- 
sent at  different  ages.  In  this  case,  however,  the  large  number 
shows  that  the  typo  was  persistent  in  a  group  consisting  of  forty- 
one  animals,  no  two  of  the  antlers  having  belonged  to  the  same 
individual.  Those  of  the  right  side  are  twenty-four  in  number; 
and  out  of  the  whole,  fourteen  have  been  forcibly  torn  from  the 
skull,  twenty-five  have  been  shed,  and  two  are  mere  fragments  cl 
tynes.  Out  of  them  I  have  chosen  a  series  (PL  XVil.  figs.  1-7, 
PI.  XVIII.  figs.  1,  2)  to  illustrate  the  characters  of  the  species. 

2.  Deseription.—The  antlers  (PI.  XVU.  figs.  1-7,  PL  XVIU. 
figs.  1 , 2)  are  nearly  smooth,  being  traversed  merely  by  broad  and  shal- 
low depressions  for  the  reception  of  the  nutrient  blood-vessels  of  the 
velvet.  They  are  set  on  the  skull  obliquely  to  the  axis  of  the  beam,  as  in 
the  Ked-deer,  Fallow-deer,  and  Irish  Elk.  The  pedicle  (BosensUicke) 
(PL  XVIII.  figs.  1,  2)  is  round  aud  short,  varying  in  length  from 
0-8  to  I'l  inch.  The  burr,  or  rose  of  the  Germans,  is  uncertainly 
developed,  being  large  and  sharply  defined  in  some  (PL  XVII.  fig.  4, 
PL  XVIII.  figs.  1, 2),  and  but  rudimentary  in  others.  It  presents  a 
rounded  outline.  Immediately  above  it,  the  brow-tyne,  6,  is  given 
off,  nearly  at  right  angles  to  the  axis  of  the  beam ;  the  angle,  how- 
ever, varies  slightly  in  different  individuals  (PL  XVII,  figs.  1, 4,5; 
PL  XVIII.  fig.  1).  It  is  cylindrical  in  section,  with  a  direddon  some- 
what downward  basally,  and  upward  as  it  tapers  to  its  extreme  end.  It 
is  sometimes  straight.  After  giving  off  the  brow-antler  the  rounded 
beam  bends  downwards,  as  far  as  the  palmation  (Xr),  which  marks  the 
base  of  the  second  or  bez-antler  (PL  XVII.  fig.  4,  PLXVUI.  fig.l,  e\ 
and  is  also  slightly  curved  forwards.  Two  antlers  present  a  remark- 
able variation  from  the  ordinary  type :  in  the  one  a  rudimentaxy 
antler  springs  out  of  the  base  of  the  brow-tyne,  h ;  in  the  other  (fl 
XVII.  ^g.  5),  an  accessory  brow-tyne,  h\  is  thrown  off  from  the  beam 
at  a  distance  of  1*75  inch  above  the  normal  brow-tyne  (6).  This 
variation  is  also  found  in  an  antler  of  a  Fallow-deer  in  the  Collie  of 
Surgeons.  In  an  antler  of  Cervus  elaphus,  also  in  the  same  collection, 
there  are  three  brow-tynes.  The  second  tyne  (PL  XVII.  fig.  4, 
PL  XVm.  fig.  1,  <;)  is  shaped  somewhat  like  the  first;  but  it  springs 
from  a  palmated  base,  and  is  slightly  compressed  horizontally,  so  that 
the  section  presented  is  oval.  The  variations  in  direction  noticeidin  tht 

*  Op.  cit.  Tol.  iL  p.  480.    Specimen  No.  27876,  quoted  as  ''BritiA  M\ 

Sptcimen  of  C,  dama:* 
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brow-tyne  are  repeated  also  in  the  second,  or  bez-antler;  both  are 
nearly  of  the  same  length.  From  the  base  of  the  second  tyne,  c,  the 
beam  gradually  becomes  more  and  more  flattened  up  to  the  palmated 
third  (PL  XYII.  fig.  4,  d),  which  is  unfortunately  broken  in  all  the 
specimens;  thence  it  gradually  expands  into  the  broad  and  flattened 
crown  (fig.  4,  h),  the  summit  of  which  has  been  broken  away  from 
the  nearly  perfect  antler,  fig.  4,  chosen  as  the  type  of  the  species. 
It  presents,  however,  two  broad,  oval,  fractured  surfaces,  which 
meet  at  the  point  h,  where  the  texture  becomes  dense  and  hard,  in- 
dicating that  the  hard  cortical  layer  of  the  antler  was  not  far  dis- 
tant ;  while,  on  the  other  hand* the  loose  texture  in  the  centre  of  each 
of  these  suifaces  shows  that  the  crown  was  prolonged  some  little 
distance  in  their  directions.  An  inference  might  therefore  be  drawn 
that  not  very  much  of  the  apex  is  lost,  merely  two,  or  at  most  three 
tynes.  Fortunately,  however,  we  are  not  left  to  guess  at  the  shape 
of  the  latter.  A  broad  palmated  fragment,  possessed  of  two  tynes 
(PL  XYII.  fig.  7,  e  and/),  was  found  in  association  with  the  antlers, 
which  cannot  be  referred  to  the  Eed  Deer  or  Irish  Elk,  found  also  at 
Clacton.  The  deep  excavation  between  the  tynes  would  forbid  its 
being  identified  with  a  palmated  fragment  of  antler  of  Eeindeer, 
a  species  as  yet  unknown  in  Essex,  Suffolk,  or  Norfolk ;  and  there- 
fore the  supposition  that  it  belongs  to  Cervus  Browni  amounts 
almost  to  a  certainty ;  and  if  so,  then  it  could  only  belong  to  the 
crown.  The  broad  and  deep  excavation,  fig.  7  K  above  mentioned, 
brings  the  cortical  layer  of  dense  osseous  tissue  on  either  side  into 
juxtaposition,  and  explains  exactly  why  the  two  layers  should  be 
thus  brought  together  at  the  point  h  of  the  fractured  apex  of  fig.  4. 
I  have  therefore  restored  the  crown  of  the  antler,  fig.  4,  according 
to  the  light  thrown  upon  it  by  the  fragment  fig.  7.  At  the  base  of 
/,  in  fig  4,  a  small  rounded  back  tyne  is  given  off  in  a  backward  and 
upward  direction.  The  beam,  looked  at  from  behind,  presents  a 
somewhat  sigmoidal  contour,  the  basal  eighth  being  abruptly  re- 
flected. 

3.  MeasuremenU, — In  the  following  Table  the  variations  in  the 
the  size  of  the  antlers  are  shown.  They  are  not  compared  with  those 
of  Fallow-deer,  because  in  the  latter  the  antlers  have  been  modified 
to  such  a  degree  by  domestication  that  their  measurements  are  of 
Tery  little  vsdue.  It  is  sufficient  to  say,  in  general  terms,  that  the 
antlers  of  the  Clacton  deer  correspond  in  size  with  the  average  of 
those  of  the  Fallow-deer  in  the  English  collections. 

The  maximum  circumference  of  the  beam  is  5*8,  the  minimum 
30  inches. 
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4,  Comparigon  with  Cemu  duma. — The  antlers  of  C^rvus  Sroimi 
are  totally  unlike  those  of  any  existuig  species  excepting  Cervtu 
dama,  to  which  they  approach  so  closely  that  the  type  specimen, 
flg.  4,  was  considered  by  Dr.  Falconer  •  to  belong  to  the  latter. 
The  basal  half,  indeed,  bo  strongly  Tesemblea  the  corrcflpoadiog  por- 
tion of  that  of  Cervut  dama  that  it  would  be  almost  impossible  to 
differcntiato  fragments  from  which  the  coronal  portion  had  been 
broken  away.  But  the  resemblance  ends  at  the  second  tyne  (e). 
If  the  series  of  antlers  of  C«rvut  Broumi  (figs.  1  and  7)  be  compared 
with  those  of  the  Pallow-deer  which  have  been  repiodoced  frtm 
Professor  Btasius's  f  valuable  work,  there  is  this  important  dif- 
ference visible :  in  the  former  (Fl.  XVII.  fig.  4),  the  third  tyne,  d,  u 
present  on  the  anterior  aspect,  while  in  the  latter  (Fl.  ZTIII. 
figs.  3-8)  it  is  altogether  absent.  With  this  exception,  the  antlo* 
of  the  two  species  ore  most  closely  allied ;  and  Fl.  XTU,  fig.  4  cor- 
responds almost  exactly  with  Fl.  XVIU.  flg.  5,  the  third  of  the  seiti* 
of  antlers  selected  by  Frofessor  filasius  as  typical  of  Cervut  dama.  To 
the  objection  that  the  development  of  the  third  anterior  tyne  vj 
have  been  an  accident,  it  may  bo  answered  that  it  is  to  be  fbnnd 
in  none  of  the  endless  variations  of  form  assumed  by  the  antlras  ct 
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the  Fallow-deer,  and  that  it  is  presented  also  by  a  far  more  an- 
cient cervine  species  from  the  Crag  of  Noi-wich. 

5.  Probable  Age  of  the  Freshwater  Strata  at  Clacton, — The  affi- 
nities of  Cervus  Browni  with  the  Fallow-deer  are  so  strong.that, 
with  the  exception  of  the  development  of  the  third  anterior  tyne, 
the  antlers  are  identical  in  size  and  form.  The  latter,  however,  has 
never  been  proved  to  occur  in  the  fossil  state  in  Northern  or  Central 
Europe,  but  probably  owes  its  introduction  into  France,  Germany, 
and  Britain  to  the  fostering  care  of  man,  at  a  comparatively  modem 
period.  It  has,  indeed,  been  assumed  by  Dr.  Fleming  •  that  the 
animal  is  indigenous  to  Scotland ;  but  his  assumption  is  based  on  an 
equivocal  passage  of  Lesley,  that  has  no  bearing  on  the  point, 
while  Professor  Owen  f  leaves  the  question  altogether  open,  very 
much  as  he  found  it.  In  Britain  the  most  ancient  traces  of  its  ex- 
istence are  to  bo  found  in  the  Boman  refuse-heaps ;  and  therefore  it 
is  highly  probable  that  its  introduction,  like  that  of  the  buffalo  into 
Italy,  was  owing  to  the  Eomaus.  In  Germany  the  animal  has  been, 
quoted  by  Dr.  Butimeyer  J  as  occurring  in  the  Ffahlbauten  ;  but  since 
the  publication  of  his  fauna  he  has  found  reasons  for  modifying  hiB 
opinion.  Its  true  habitat  is  the  shores  of  the  Mediterranean  and 
the  Taurus  district  to  the  north  of  Syria  §.  In  Spain,  Sardinia, 
and  Algiers,  it  rivals  the  Bed-deer  in  size.  It  must  therefore  be 
looked  upon  as  an  animal  not  indigenous  in  Central  or  Northern 
Europe,  but  as  a  dweller,  in  its  natural  state,  in  the  hot  climate  of 
the  south.  If  we  assume,  legitimately  as  it  seems  to  me,  that 
Cenms  Browni  lived  under  somewhat  similar  conditions  to  those 
under  which  the  wild  Fallow-deer  now  lives,  the  climate  of  Britain, 
during  the  time  that  the  remains  of  animals  were  being  swept  down 
by  an  ancient  river  to  be  deposited  at  Clacton,  must  have  been  much 
warmer  than  it  is  at  the  present  day, — a  condition  that  would  insu- 
late the  deposits  from  all  those  of  Postglacial  age  that  were  formed 
under  a  lower  temperature  than  that  now  obtaining  in  Northern 
France  or  in  Britain.  The  animals  found  at  Clacton  consist  of  Felis 
spekea.  Bison  or  Urus,  Cervus  daphus,  Cervus  megaceros,  Cervus 
Browni,  Equm  J  Rhinoceros  leptorhinus  (Owen)\\  ,&ad  EUphasantiquus, 
of  which  the  first  six  are  peculiar  to  the  Pleistocene  deposits,  while 
the  last  two  are  found  also  in  the  Pliocenes  of  France  and  Italy.  One 
important  group  of  mammals  characteristic  of  Postglacial  strata  is 

•  British  Animals  (1828),  p.  26. 

t  Brit.  Fos.  Mam.  pp.  483,  484. 

{  Fauna  der  Pfalilbaut«n  der  Sohweiz,  4to,  Basel,  p.  62.  M.  Lartdt  informs 
me,  in  a  letter,  that  now  Prof.  Biitimejer  belieyes  that  the  Fallow-deer  has  not 
yet  been  proved  to  occur  among  the  animals  found  in  the  Swiss  lakes. 

$  Blasius,  o^.  qU.  p.  455. 

||  The  identity  of  me  British  species  described  by  Prof.  Owen  (1846)  under 
the  name  of  R.  leptorhinuSf  Curier,  bv  the  author  of  this  essay  under  the  name 
of  B.  leptorhinus^  Owen,  in  1867,  ana  by  Dr.  Falconer,  in  the  essay  published 
in  the  Faleeontological  Memoirs,  in  1868,  as  R.  hemitcBchtis,  with  the  R.  Merkii 
of  Dr.  Kaup,  determined  in  1861,  is  considered  by  M.  Lartdt  beyond  all  doubt. 
('*  Note  sur  deux  t^tes  de  Camassiers  Fossiles  et  sur  qiielques  d^bns  de  Rhinoo^roa 

Sroyenant  des  ddoouvertes  faites  par  M.  Bourguignat  dans  les  caremes  du  Midi 
e  la  France/*  Annales  des  Sciences  Naturelles,  s6rie  5.  tome  viii.  pp.  156  k  193.) 
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eloquent  by  its  abeenoe — ^the  Beindeery  Muak-Bheep,  and  the  other 
membeiB  of  the  Arctic  divisioii,  that  are  more  or  leas  abundant  in 
the  later  river-depositB.  Negative  evidence  ib  of  comparatively  small 
valne  by  itself;  but  here  it  adds  cumulative  weight  to  the  testimony 
afforded  by  the  unique  series  of  cervine  antlers,  that  the  fresh- 
water beds  of  Clacton  were  formed  under  conditions  of  climate 
warmer  than  those  under  which  we  now  live,  and  altogether  differing 
from  those  under  which  the  Postglacial  gravels  were  deposited. 
As  compared  with  the  mammalia  of  the  Forest-bed,  the  only  species 
in  common  are  the  Red-deer,  Irish  Elk,  and  Horse. 

The  Ehinoeeros  Etrtueiis  of  the  forest-bed  is  represented  by  tbe 
Bhinoceros  l^torhiniu  (Owen)  at  Clacton  ;  but  this  does  not  help  us  to 
the  differentiation  of  the  two  deposits,  because  both  species  are 
found  side  by  side  in  the  Pliocene  strata  of  the  Yal  d'Armo. 

The  presence  of  the  cave-lion,  on  the  other  hand,  points  in  ihe 
direction  of  the  Postglacial  series.  In  fine,  all  that  can  be  pre- 
dicated of  the  geological  horizon  of  the  freshwater  bed  at  Clacton  is, 
that  it  forms  a  term  in  the  series  of  strata  to  whi<^  the  Lower 
Brick-earths  of  the  Thames  valley  belong  (a  series  apparently  show- 
ing a  gradual  passage  from  the  Forest-bed  towards  Uie  later  river- 
deposits  termed  Postglacial),  and  that  it  was  formed  before  the  im- 
migration of  Arctic  mammals  into  Britain. 

DESCEIPnON  OP  THE  PLATES. 

Plats  XVH. 

FigB.  1-6.  Series  of  rieht  antler  of  Certms  Brownie  one-fourth  the  iwtaral  site, 
numbered  in  the  British  Museum:— (I)  27926,  (2)  37778  a, 
(3)  37778  B,  (4)  27876,  (5)  37778  c,  (6)  37778  d. 

7.  Fragment  of  orown  37778  ■. 

PlatiXVIII. 

Figs.  1.  Bight  antler,  No.  27883. 

2.  Fragment  of  antler  with  pedide,  No.  27956. 

S-8.  Outlines  of  antler  of  Cervusdama^tBkai  from  Prof.  Blanva'a '  Fkima.' 


13.  On  a  Nbw  Specibs  of  Dekr  from  the  Norwich  CRJie. 
By  W.  BoTD  Dawkhto,  Esq.,  M.A.,  F.R.S.,  F.G.S. 

[Plati  XYIIL  figs.  9-12.] 

COKTINTS. 

1.  Introduction.  I      3.  Measureinenti. 

2.  Description.  |      4.  DeterminatioiL 

1.  IrUrodticHon. — ^The  cervine  antlers  from  the  Crag  and  Forest-bed 
are  so  varions  in  form,  and  for  the  most  part  so  fragmentaiy,  and 
the  collections  from  the  Miocene  and  Pliocene  strata  of  France  and 
Germany  contain  so  many  species  of  deer,  that  the  utmost  caution 
k  necessary  in  establishing  a  new  species.  There  is,  however,  one 
antler  preserved  in  the  British  Museum,  obtained  by  Mr. 


ccci  3o=  vd  x'jv  PI  xvn. 
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from  the  Norwich  Crag,  that  in  its  remarkable  form  stands  aloof  firom 
those  hitherto  known,  and  merits  a  careful  examination.  Dr.  Fal- 
coner, prevented  by  his  sudden  death  from  following  up  the  study  of 
the  Miocene  and  Pliocene  antlers,  has  left  behind  sketches  •  of  some 
of  the  more  remarkable  forms,  which  I  have  found  of  the  greatest 
value  in  working  at  the  Cervidae.  The  antler  in  question  did  not 
escape  his  notice;  and  therefore  I  propose  for  it,  in  his  memory,  the 
specific  name  of  Cervus  Falconeri, 

2.  De3cr{j)twn,^The  antler  (PL  XVIII.  figs  9, 10, 11)  is  a  shed  one 
of  the  left  side,  with  its  base  slightly  waterwom,  and  presenting  a 
rounded  section.  There  is  no  trace  of  a  burr ;  but  it  may  possibly 
have  been  worn  away.  The  brow-tyne  (6)  is  given  off  at  a  dis- 
tance of  1  -9  inch  above  the  base,  on  the  outer  side,  at  a  very  ob- 
tuse angle  to  the  basal  part,  and  at  right  angles  to  the  main  body 
of  the  beam.  At  its  point  of  junction  with  the  beam  it  is  oval  in 
section ;  but  it  seems  to  recover  the  rounded  form  of  the  tyne  of 
Fallow-deer,  and  of  the  closely  allied  species  Cervus  Browni,  Its 
direction  is  obliquely  downwards.  The  basal  portion  of  the  beam 
is  put  on  at  a  very  obtuse  angle  to  the  main  body,  and  is  hollowed 
and  flattened  at  the  point  where  the  brow-tyne  is  given  off.  Im- 
mediately above  it  the  beam  becomes  flattened  both  above  and 
below,  and  especially  at  the  points  of  origin  of  the  bez-antler  (c)  and 
the  third  tyne  (d).  The  former  is  smsdl  and  of  slightly  oval  sec- 
tion, and,  like  the  brow-tyne  (A),  most  probably  ended  in  a  round 
tip.  The  latter  (d)  is  flattened,  and  presents  an  oval  section  ;  its  basal 
measurement  is  about  half  as  wide  again  as  the  palmated  continua- 
tion of  the  beam.  From  c  to  d  the  beam  gradually  increases  in 
width ;  from  d  upwards  i^  is  abruptly  reflected  and  gradually  de- 
creases in  size  and  thickness  as  far  as  the  slightly  upturned  and 
fractured  end,  which  latter,  from  its  thinness,  could  not  have  been 
very  far  from  the  apex.  The  beam  is  smooth,  possibly  from  being 
waterwom,  but  presents  slight  traces  of  broad  and  shallow  grooves 
on  its  distal  end.  Its  posterior  boundary  between  the  points  of 
origin  for  the  brow-  and  third  tynes  is  almost  straight.  The  second 
and  third  tynes  (c,  d)  stand  in  such  a  relationship  to  the  brow-antler 
(6),  that  the  angle  made  by  the  plane  passing  through  them  with 
that  of  a  plane  passing  through  the  latter  and  the  basal  part  of  the 
beam  is  almost  a  right  angle,  giving  the  appearance  of  the  basal  por- 
tion of  the  antler  having  been  twisted  a  quarter  of  a  turn  downwards. 
There  are  also  four  other  fragments  of  the  basal  portion  of  the  antler 
that  may  be  referred  to  this  species — one  in  the  British  Museum, 
No.  35857,  two  in  the  magnificent  collection  of  fossil  mammalia 
made  by  Mr.  Jarvis,  of  Cromer,  and  one  from  the  Crag  of  Lowestoft. 
All  are  waterwom  and  from  the  Crag,  and  all  repeat  the  characters 
that  have  been  given  in  the  description  of  the  basal  portion  of  the 
type  specimen.  They  are,  however,  slightly  smaller,  and  most  pro- 
bably belonged  to  younger  individuals. 

3.  Measurements, — The  following  measurements  in  inches  cor- 
respond with  those  of  Cervus  Browni, 

*  Theee  are  now  deposited  in  the  British  Museum. 
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Basal  drcumference S^in. 

Distance  of  brow-tTiie  (&)  aban  b«M 1-0 

Length  of  beam  betWMn  Ikot-  (fi)  and  bo- 

antlar  (c)  »0 

Breadth  of  bez-antler  (e)  at  bwa 04 

Length   of  beam  between  het-antlcr  («}  tad 

thirf  tyne  (d) frS 

Breadth  of  third  tyna  (d) 1*7 

Maximum  length  of  the  ftagment    ISO 

Circumference  of  beam  above  biow-^nw 84 

4.  determination. — ^The  ohaivotera  Resented  hj  this  antiir  an 
of  rei^  high  BpeciGo  value.    First  as  regarda  the  tymes.    Ilialnnr- 

Eo  le  romored  from  the  baee,  and  in  that  respcot  diftn  froa 
t  of  Cenna  danut  and  Otnnu  Brotnm.  Xt  is,  moreover,  liliiitH 
in  a  difTereDt  plane  from  that  of  tiw  second  and  Qiiid  tptm,  and  il  IS 
far  closely  akin  to  that  of  the  VnaA  Plioeen*  Ow>ms  Mnomt  m 
the  Britiah  Museum.  The  aeotrnd  tynio  (e)  IS  mtidi  smaller^  aod  mtm- 
ated  much  nearer  the  fiist  than  in  Om  EUlow-dssr  or  Otrmu  Awbmm; 
while  the  thiM,  which  strong;  icacmblei  tlist  of  flw  latter  giwiw. 
in  further  removed  from  the  second,  the  nlatrra  MMBtaons  sf  As 
two  on  the  beam  being  renaned.  Thb  beam  is  flntaaad  as  in  OL 
uiraceroi,  but  not  to  SO  great  a  degna.  TTici  ntriiihtiwss  «t  llw  liiMi 
diflerentiatee  it  from  the  three  ^eoies  witb  Thii£  it  has  bosm  eoot- 
parcd,  aa  well  as  &om  the  Beondeer ;  tlia  siiiiiiitliinas.  tfta  abasMe  sf 
deep  wrinkles,  and  the  aie,  diflbrantiate  it  ftom  C.  MroMrM,  H 
fine,  the  antler  pre«ent8  a  series  of  tdianHan  wbidi  an  ndtsl  te 
no  fossil  animal  that  has  jet  been  disooTBied.  Ua  flattened  ftm 
and  the  development  of  the  third  anterior  tyno  cauac  its  unonst 
fossil  analogue  to  be  the  Ctniu  Brovnii  of  Clacton,  whil<?  am<u>% 
the  living  Cervidm  its  nearest  representative  ia  the  Fallow-doer,  In 
position  in  point  of  time,  ^-ith  respect  to  these  two  Bpccies,  adequately 
represents  its  plaoe  in  th«  zoolugicul  ecale.  It  biilongs  to  the  dwa 
of  flat-antlered  deer  represented  by  Cervus  damn,  with  which  itia 
connected  through  the  mediom  of  Cerviis  Brovnii.  The  sronll  nmimnl 
of  polmadon  exhibited  by  the  antlor  of  <7.  Falconrri  ia  Itirgcly  in- 
creased in  C.  Brownii,  and  reaches  a  maximum  in  C.  danui. 


DBIBCHIPTIOH  OF  PLATE  XVin.  Dg«.  0-12. 
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14.  Notes  to  Accompany  a  Section  of  the  Strata  from  the  Chalk  to 
the  Bem BRIDGE  Limestone  at  WHiTECLiPir  Bay,  Isle  of  Wi«ht  ♦. 
By  T.  CoDRiNQTON,  Esq.,  F.G.S. 

(Abridged.) 
The  section  is  drawn  from  measurements  made  on  the  shore  at  low 
water  during  the  autumn  of  1867.  In  consequence  of  the  dip  of 
the  beds  being  nearly  vertical,  the  horizontal  section  exposed  on  the 
shore  at  low  water  is  a  section  nearly  at  right  angles  to  the  strati- 
fication ;  and  advantage  was  taken  of  favourable  tides  to  measure  a 
continuous  section  from  the  basement-bed  of  the  London  Clay  to  the 
Bembridge  Limestone,  always  exactly  at  right  angles  to  the  strike 
of  the  beds. 

The  dip  of  the  lower  part,  or  the  London  Clay,  is  in  a  direction 
parallel  to  the  line  of  the  cliffs,  so  that  the  section  exhibited  in  the 
cliff  is  at  right  angles  to  the  beds ;  but  the  alteration  in  the  direc- 
tion of  the  dip,  and  in  the  line  of  the  coast,  both  tend  to  make  the 
section  seen  in  the  cliff  more  oblique  in  the  higher  beds  ;  and  in  the 
Headon  beds  the  obliquity  is  as  much  as  45°. 

In  bed  YII  f.  of  the  Bracklesham  series  the  junction  of  a  bed  of 
compact  clay  with  a  bed  of  shaly  laminated  clay  was  observed, 
which  indicated  a  denudation  of  the  laminated  clay  before  the  de- 
position of  the  compact  clay  on  its  edges. 

No  detailed  examination  of  the  fossils  was  attempted,  except  in 
the  case  of  the  Headon  beds,  where,  at  the  suggestion  of  Mr.  Jenkins 
(Assistant  Secretary  of  the  Geological  Society),  fossils  were  carefully 
sought  for,  in  order  to  verify  the  opinion  expressed  by  the  Rev.  0. 
Fisher  in  a  note  to  his  paper  on  the  Bracklesham  beds  (Quart.  Joum. 
Geol.  Soc.  vol.  xviii.  p.  67),  to  the  effect  that  the  equivalent  of  the  re- 
markable Brockenhurst  bed,  which  has  been  correlated  by  Von  Konen 
with  Dumont's  Lower  Tongrian  formation  of  Belgium,  occurs  here 
near  the  bottom  of  the  Middle  Headon  beds  J. 

The  beds  marked  L  and  M  in  the  section,  which  are  those 
described  in  plate  4  of  the  Memoir  of  the  Geological  Survey  of  the 
Isle  of  Wight  as  "  brown  clay,  abounding  in  marine  shells,"  and 
**  brown  clay,  with  irregular  fhicture,  shaly  in  places,  with  clayey 
nodules,"  are  those  referred  to  by  Mr.  Fisher. 

A  list  of  the  shells  §  obtained  firom  these  beds,  comprising  upwards 
of  30  species,  will  be  found  on  the  section,  and  is  appended  to  these 
notes.  Ostreaprona  and  Cardita  deltoidea,  both  distinctive  Brocken- 
hurst shells,  are  very  abundant  in  bed  L,  and  the  latter  occurs  very 
frequently  in  bed  M.  The  shells  from  bed  M  were  all  obtained  from 
that  part  of  the  bed  exposed  only  at  low  water  spring  tides. 

The  ironstone  band  P  and  the  double  band  B  will  serve  as  guides 

*  The  section  referred  to  is  deposited  in  the  Society's  Library. 

t  The  beds  distinguished  by  B^man  numerals  are  the  divisions  described  by 
the  Rev.  O.  Fisher ;  those  marked  by  Arabic  numerals  are  in  accordance  with 
Mr.  Prestwich  B  section. 

X  See  Pal.  Soc.  Mon.  Brit.  Foss.  Corals,  2nd  series,  part  L  p.  40. 

I  I  am  indebted  to  the  Bev.  O.  Fisher,  Mr.  Etheridge,  and  Mr.  Jenkins  for 
aasistance  in  naming  the  shells. 


p—ir, 

to  the  intermediate  beds,  wlddi  maj'hm  hvti,  vnm  lAflB  MIm  If 
Band,  by  mMsming  &om  tbe  tb3a»  haulm. 

ThB  Braeiletham  bed*  nt -wOL  aUMtoi  «  flwriNnu  n»M 
of  lignite,  6  feet  thick,  in  ICr,  Fidwr^  dimoa  T,  h  eoatiinoai  ftr 
at  least  200  feet.  The  obt^  btiow  k  penetntad  by  nins  «£  tti 
lignite,  at  flrst  sight  reMmUdiff  tke  nob  entoriiw  tM  ondtanlif  rf 
a  cool-aeain,  bnt  on  examination  pnring  lo  te  t 

The  London  Clay  ia  TiaiUe  on  ttta  if 
ness  of  299  feet. 

The  Flattie  Ctag  traa  aeen  on  On  Aon  it  intHTaliL  THIfcMi 
ncss  ig  abont  200  feet,  aa  meMOmd  on  flw  jJjn  icds  OldD^Hsllifb 

Comparing  the  section  at  WhitMUffBijinBttw  watiMl  tmmni 
at  Alum  Baj  by  Hr.  Briatow  of  fb»  Geolog^  Smrn,  it  amia 
tliat  the  totiU  thickneas,  from  the  Ohalk  to  ue  bwe  of  tfao  nmo- 
marine  wries,  is  the  same  at  both  pcnots,  ■Jaiiwiflfc  tlio  thkkBMMi 
of  the  component  formations  differ  «auidaraU^. 

tfL 

Fbutio  Claj « „.,„        900 

London  Clar    ~ .        SBB 

Lower  Bagdiot    „ — „        148 

Braokleali&m  and  Barton   710 

Upp«i  Bagihot    _.........        U8 

Haldol) ..-....« U8 

CWna  pTona  (&  F.  ITMd). 

Ostna. 

Oardinn  I^Ttoni  f 

Ci^Uf'  '■-"- 

Corbula 
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15.  On  the  Graptolites  of  the  Coxistok  Flags  ;  with  Noixs  on  the 
British  Species  of  the  Gkkus  Gbaptolitss.  By  Hsnrt  Alletks 
Nicholson,  D.Sc.,  M.B.,  F.G.S. 

[Platbs  XIX.  and  XX.] 

The  Silurian  series  of  the  north  of  England  is  composed  of  the 
following  groups  in  ascending  order : — 1,  the  Skiddaw  Slates ;  2, 
the  Green  Slates  and  Porphyries;  3,  the  Ck)niBton  Limestone;  4, 
the  Coniston  Flags ;  5,  the  Coniston  Grits  ;  and,  6,  the  Ludlow  Rocks. 
Of  these,  the  Skiddaw  Slates  contain  a  large  and  remarkable  series 
of  Graptolites,  which  are  mostly  identical  with  those  of  the  Quebec 
group  of  America  (see  a  paper  by  the  author,  Quart.  Joum.  Geol. 
Soc.  vol.  xxiv.  p.  125).  The  Green  Slates  and  Porphyries,  and  the 
overlying  Comston  Limestone,  with  the  exception  of  a  fragment  of  a 
Diplograpsue  from  the  former,  have  hitherto  proved  entirely  barren 
of  Graptolitic  remains ;  and  the  same  is  true  of  the  Ludlow  group. 
The  Comston  Flags,  however,  contain,  as  shown  by  Professor  Hark- 
ness  and  myself,  a  very  extensive  and  varied  Graptolitic  faona, 
which  it  is  the  object  of  the  present  paper  to  describe. 

Ab  to  the  limits  and  age  of  the  Coniston  Flags,  as  well  as  their 
relation  to  the  imderlying  limestone,  considerable  diversity  of  opinion 
exists,  almost  the  only  point  in  which  all  observers  are  agreed 
being  that  the  Flags  form  a  single  natural  group  with  the  super- 
jacent Grits.  For  my  present  purpose,  however,  it  will  suffice 
merely  to  indicate  the  di£ferent  opinions  which  are  held  upon  the 
subject.  By  Professor  Sedgwick  the  Coniston  Flags  were  held  to  be 
everywhere  conformable  to  the  Coniston  Limestone  ;  and  he  at  first 
regarded  them  as  of  Wcnlock  age,  a  view  which  he  subsequently 
modified  so  far  as  to  refer  them  to  the  summit  of  the  Lower  Silurian 
division,  whilst  he  placed  the  Grits  at  the  base  of  the  Upper  Silu- 
rians. By  Mr.  Hughes,  again,  the  Coniston  Flags  are  believed  to  be 
unconformable  to  the  Coniston  Limestone,  and  to  form,  with  the 
Grits,  the  base  of  the  Upper  Silurian  series  of  the  north  of  England 
(see  Geol.  Mag.  vol.  iv.  p.  346).  Lastly,  it  is  believed  by  Professor 
Harkness  and  myself  that  the  Coniston  Flags  include  all  the  beds 
between  the  summit  of  the  Coniston  Limestone  proper  and  the  base 
of  the  Coniston  Grits,  that  the  flags  are  strictly  conformable  to  the 
limestone,  and  that  their  age  is  Lower  Silurian  (see  Quart.  Joum. 
GeoL  Soc.  vol.  xxii.  p.  480  &  vol.  xxiv.  p.  296). 

Proceeding  upon  this  last-mentioned  view,  the  Coniston  Flags  are 
found  to  consist  of  the  three  following  chief  subdivisions  in  ascend- 
ing order : — 1,  black  mudstones  or  shales,  occasionally  almost  an- 
tliracitic,  alternating  with  unfossiliferous  g^y  grits,  which  become 
more  developed  as  we  ascend ;  2,  cleaved  flags,  which  are  largely 
worked  for  industrial  purposes ;  and,  3, ''  sheer-bate"  flags,  in  which 
the  cleavage  and  the  bedding  coincide  with  one  another.  The 
black  mudstones  or  shales  of  the  lowest  subdivision  are  richly 
charged  with  GraptoHtes  in  a  state  of  excellent  preservation ;  and  it 
is  here  that  the  greatest  number  of  genera  and  species  are  found. 
To  this  portion  of  the  series  belong  the  GraptoUte-beds  of  Mosedale 
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in  Jjin^  Sleddale,  of  Skelgill  Beck  near  Amblosido.  and  of  ApjK- 
tive  WdvIIi  Ik'ck  nt'ar  l^roughtoii.  The  second  subdivision,  coiii- 
prisiiig  tho  true  "  riaj^s/'  is  also  rich  in  Graptolitcs  ;  but  thowlc- 
lonfi:  to  few  genera,  and,  owing  to  the  i)revalenee  of  the  eleuvairt-, 
they  are  usually  obtained  with  difficulty  and  in  a  stat^  of  bad  pre- 
servation. The  tlaj2:s  of  Hroughton  AToor,  in  Funiess,  belong  to  this 
8ul)divisi()n :  but  the  (iraptoUt<?3  which  they  yicdd  form  a  notable 
exception  to  the  above  statement,  since  they  are  usually  prt-.M-rrt-tl 
in  the  most  ex(iuisite  relief.  The  third  and  highest  subiIi\H.'»i«iii. 
that  of  the  '*  sheer-bate"  flags,  also  contains  a  few  Graptoliti-s;  but 
these  are  invariably  v»Ty  badly  presei-ved,  and  I  have  n*A  la-m 
able  to  dett'rmine  with  exactness  the  existence  of  more  than  a 
sini^le  s])ecies. 

i.ooking  at  the  (Jrapt^Jites  of  the  Coniston  Flags  as  a  whole,  it 
will  bo  sern  from  the  follo>>nng  list  that  the  great  majority  ^'f  the 
s])C(ics  are  Lower  Silurian,  there  being,  however,  a  small  adniLvture 
of  r])])er-Silurian  forms  in  the  upi)er  two  subdivisions  of  the  siries. 
The  (iraptoliti^s  of  the  lowest  subdivision,  with  the  exception  of  Orip- 
tofitcs  priodnii^  are  entirely  Lower-Silurian  sjiecies,  and  all,  ext  ept 
those  nuw  described  for  the  first  time,  are  familiar  as  oic.irrinj;  in 
tlu"  rj)]K'r  Llandeilo  rocks  of  the  south  of  Scotland.  In  justitica- 
tion  of  this  statement  it  is  simjily  necessary  to  (piote  the  well- 
known  names  of  Di ^ ff ot frnpsus  prist h,ll\n.,  I).  palmeKSy  huTT.,  Clinni- 
Off  raisin  t(  r»  fiiisriijus.  His.,  litiatritts  pei'eijnnns^  Barr.,  Gntptolitt* 
ISi'f'/ii'Icl'ii,  Tortl.,  G.  s(fi/itt(irtits,  Linn.,  G.  iV7/AW*i/,  Barr.,  &c.  The 
total  absence,  as  far  as  is  yet  known,  of  the  genus  Dldtfmotji'iipfii*, 
so  common  in  the  (iraptolitiferous  rocks  of  Diunfriesshiro,  is  nc- 
tictal>le,  as  well  as  the  presence  oi Rastntes  JAnncei  and  It.  ptrtyri- 
/<//.s',  for  the  lii-st  time  found  in  liritain  in  strata  younger  than  the 
Uj)per  Llandeilo.  In  the  second  subdivision,  comprising  the  Hags  of 
Ihuughton  Moor,  four  species  are  all  that  1  have  been  able  to  ni;dic  out 
satisfactorily,  viz.  (I'mptollfes  aSV'A/m/iVA'/i,  Portl.,  G.  prUnfon,  Bn^uu, 
(r,  coJfmHS,  l>arr.,  and  lit  lioUtes  GeinitzianiiSy  Barr,  Of  these,  G.  Srthj- 
ivickli  is  the  only  one  which  can  be  lused  for  purposes  of  classifica- 
tion, it  bi'ing  a  familiar  Lower-Silurian  fossil  in  Britain.  The 
remaining  three  are  as  much  Upper  as  Lower  Silurian  fomis,  (r. 
prioffoii  ranging  from  the  Ui)j)er  Llandeilo  to  the  Ludlow  rocks  in- 
clusive, whilst  Httiolites  Gdnitzlamis  is  usually  quoted  as  a  Wenlock 
sjiecies.  In  the  **  sheer-bate'*  beds  at  tho  top  of  the  series  then? 
occurs  only  one  species  which  can  bo  accurately  made  out ;  and 
this  is  apparently  identicfd  with  G,  cohnm,  BaiT.  I  may  mention 
that  this  same  species  passes  up  into  tho  Coniston  Grits,  this  and 
G.  prio'fon  being  apparently  tho  only  suiTivors,  in  the  Grits,  of  the 
rich  (rraptolitic  fauna  of  the  Flags^  G,  mi/ittarius  being  a  doubtful 
exception. 

The  following  list  of  the  Graptoh'tfit  of  the  Coniston  Flags  is  de- 
rived entirely  from  specimens  collected  by  myself,  with  the  excep- 
tion of  the  exam])les  from  the  flags  of  Brougbton  Moor,  for  which  I 
am  indebted  to  Mr.  Morris  of  nvcrstonc. 

It  will  be  seen  that  there  are  altogether  twenty-four  spocies,  of 
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which  five  are  new,  whilst  the  remainder  have  all  been  previously 
described.  Of  these  latter,  however,  Oraptolites  turriculatus,  Barr., 
O,  BoheniicuSy  Barr.,  Diphgrapsus  angustifolius,  Hall,  D,  putillus, 
Hall,  and  Retioliie^  Oeinitziantts,  Barr.,  are  now  for  the  first  time 
fully  described  from  British  specimens. 

List  of  the  Graptolites  of  the  Coniston  Flags. 

Climacogmpsus  (DiplograpsuB)  toretiusoulus,  His.    Mosedalo  in  Long  Sleddale, 

and  Skelgill  Beck. 
Diplograpsus  angustifolius,  Hall.     Skelgill  Beck. 

confertus,  Nich.    Skelgill  Beck. 

folium,  His.    Skelgill  Beck. 

palmeus,  Barr.     Slkelgill  Beck. 

'^—  pristis,  His.     Mosedale  in  Long  Sleddale. 

putillus,  Hall.    Skelgill  Beck. 

■         tamariscus,  Nick.     Skelgill  Beck. 

yesiculosus,  If.ch.     Skelgill  Beck. 

Ghraptolites  Boheinicus,  Barr.    Skelgill  Beck. 

^—  colonus,  Barr,    Torver  Beck,  ilorton  in  Bibblesdale,  Broughion  Moor, 

&c. 

discretus,  Nich.    Mosedale  and  Skelgill  Beck. 

firabriatu8,  Nich.    Skelgill  Beck. 

lobiferus,  M^Coy.     Skelgill  Beck. 

Nilasoni,  Barr.     Skelgill  Beck  and  Mosedale. 

priodon,  Bronn.     Skelgill  and  Broughton  Moor. 

Sedgwickii,  Portl.    Mosedale,  Skelgill  Beck,  and  Broughton  Moor. 

Sagittarius,  Linn.     Mosedale  and  Skelgill  Beck. 

tenuis,  Portl  (?).     Skelgill  Beck. 

turriculatus,  Barr.    Mosedale  in  Long  Sleddale. 

Rastrites  Linnuci,  Barr.     Mosedale. 

peregrinus,  Barr.     Skelgill  Beck. 

Retiolites  G^initzianus,  Barr.     Broughton  Moor. 
perlatuB,  Nich.    Mosedale  in  Long  Sleddale. 

DiPLOGRAPSTJS  PALMEUS,  Barr.*     PI.  XIX.  figs.  1-3. 

Graptolithus    palmeus,    Barrande,    Grapt.  de    BohSme,  pi.  3. 

figs.  1-4  &  7. 
Diplograpsiis  palmeitSy  Geinitz,  Graptolithen,  Taf.  1.  figs.  5-16. 
foliaceus,  Murchison  (?),  Sil.  Syst.  pi.  26.  ^,  3. 

Frond  from  less  than  ^  to  more  than  1  inch  in  length,  exclu- 
sive of  the  distal  prolongation  of  the  axis ;  celluliferous  on  the 
two  sides,  and  attaining  a  width  of  from  -ji^  to  ^  of  an  inch.  The 
base  is  formed  by  a  broad,  obtuse,  and  truncated  radicular  pro- 
cess, the  point  of  which  usually  presents  the  appearance  of 
having  been  broken  off  proximally,  whilst  it  is  prolonged  dis- 
ttdly  into  the  first  two  cellules.  The  form  of  the  frond,  though 
variable,  is  highly  characteristic.  In  most  specimens  the  widest 
portion  of  the  frond  is  immediately  above  the  base^  about  the  level 

*  The  species  here  described  under  this  name  is  identical  with  that  figured 
as  D.  pristis.  His.,  in  the  third  edition  of  '  Siluria '  (see  Foss.  xi.  fig.  4),  and 
figurea  as  D.  foliwn.  His.,  in  the  last  edition  of  the  same.  If  this  is  really  the 
D.  folium  of  Hisinger,  then  this  name  has  the  priority  over  D.  palmeus.  Ban. ; 
but  I  am  not  in  a  position  to  refer  to  the  original  work,  and  am  therefore 
unable  to  decide  this  point. 


624  raocsEDniw  of  tbi  sBotoetcu  MOiarT.        [i 

at  the  fourth  or  fifth  ocllnle,  m  gradnal  thon^  ali^t  con 
Ihen  taking  place,  &nd  oontuning  up  to  tha  distal  eztremi 
other  epecimcDB,  again,  the  frond  is  more  decidedly  ftisi&nii, 
oeolate-ovate,  the  cellules  attaining  theirfuU  m&tarity  from 
to  J  of  an  inch  above  the  base  ;  whilst  in  others  the  ahape  ii 
OT&tc,  the  broodeat  part  in  all  being  just  above  the  base.  Th 
extremity,  in  the  most  unequivocal  spedmens,  is  terminate 
■tmight  non-cellulifcrouB  line.  The  axia  ia  very  delicate 
usually  prolonged  beyond  the  distal  extremity  of  the  bm 
distal  extension  being  often  somevhat  dilated.  The  commoi 
though  very  narrow,  is  undoubtedly  present.  The  cellules  . 
30  in  the  space  of  an  inch,  but  vary  between  25  and  40  ;  t 
inclinod  to  tlio  axis  at  an  angle  of  from  30°  to  45°,  diflisritig 
feri^nt  parts  of  the  frond, are  in  contactfor  about  two- thirds  of  ti 
tire  length,  narrow  at  their  origin  from  the  common  canal,  bat 
ing  out  gradually  towards  the  aperture,  and,  when  veil  pn 
marked  in  their  outer  half  by  numerous  fine  striss  or  I 
growth  which  nm  parallel  to  the  cell-months.  The  cell-mov 
curved,  and  nearly  at  right  angles  to  the  axis  of  the  cellule 
lower  lips  being  very  usually  prolonged  into  acute  ■abmu 
tips,  but  not  fiimished  with  true  spines.  These  sabmncrona 
tides  are  not  observable  in  the  figures  of  Bsrrande  and  Oein 
they  are  present  in  most  of  our  English  specimens.  That  thi 
tODCo  or  absence  is  not,  however,  of  specific  importance, 
chiefly  duo  to  the  state  of  preservation,  is  shown  by  the  £a 
they  are  eometimea  present  in  one  portion  and  absent  in  am 
even  the  same  specimen. 

The  above  characters,  drawn  chiefiy  from  DnmfHeseltin 
mens,  combine  to  make  up  a  very  distinct  speciee,  which  app 
the  whole  to  agree  in  all  important  points  with  the  Orap 
palm^w  of  fiarrando.  The  specimens  from  the  Coniston 
though  differing  in  somo  minor  porticnlars,  cannot  possibly  t 
rated  from  the  above,  as  they  agree  in  the  poseeesion  of  ■ 
tapering  radicular  process,  and  in  the  very  peculiar  ahape 
frond.  The  cellules,  too,  have  the  same  shape,  and  tlie  sai 
mucronate  extensions  from  their  lower  margins ;  but  their 
is  usually  more  than  40  in  the  space  of  an  inch,  and  th< 
frond,  as  far  as  I  have  seen,  does  not  attain  a  length  of  mo 
half  an  inch,  exclusive  of  the  axis. 

Loc  Coniston  Fhtga  of  Skelgill  ficck,  ne^  Ambleside, 
common  and  well  preserved  in  certain  localities  in  the  TJppe 
deilo  rodu  of  Donifiiesshire.) 

DmooaAPSUs  poum.  His.     Fl.  XIX.  figa.  4-7. 

Prionotu*  faliwn,  Hisinger,  Leth.  Snec  Bujm.  t.  36.  flg. 

On^totUhm  ovatui,  fiarrande,  Orapt  de  Bob£me,  pL 

8.U. 

Frond  ovate,  commencing  at  the  base  hy  a  broad  taperin 

eated  radicular  process,    which    is   prolonged  upvai^   ii 

fifit  two  cellules.      Length  from  -j^  to  ^  of  tm   inch; 
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nearly  -j^  of  an  inch.  Axis  capillary,  sometimes  prolonged  beyond 
the  distal  extremity  of  the  frond.  Common  canal  narrow.  Cellulet 
inclined  to  the  axis  at  about  40^  in  the  middle  of  the  frond, 
but  becoming  nearly  vertical  towards  its  distal  extremity,  the  last 
cellules  being  nearly  parallel  with  the  axis.  The  cellules  are  in  all 
respects  similar  to  those  of  D.  jxdmetis,  Barr.,  being  narrow  at  their 
origin  frt)m  the  common  canal,  but  widening  out  towards  the  cell- 
apertiire,  slightly  curved,  and  marked  in  their  outer  half  with 
numerous  fine  curved  striee  running  parallel  with  the  cell-apertures. 
Most  specimens  exhibit  from  40  to  50  cellules  in  the  space  of  an 
inch,  BO  that  the  smaller  examples  do  not  contain  more  than  10  cel- 
lules on  each  side. 

The  above  description  is  drawn  from  several  specimens  which  I 
obtained  from  the  Coniston  Flags ;  and  though  differing  in  some 
respects  from  what  has  been  usually  figured  as  D,  folium,  Ss.,  I 
am  unable  at  present  to  place  them  under  any  other  species.  At 
the  same  time  I  am  strongly  of  the  opinion  that  (whichever  name 
may  be  ultimately  retained)  D.  folium.  His.,  will  eventually  turn 
out  to  be  nothing  more  than  a  variety  or  a  young  form  of  D.  palmeus, 
Barr.,  most  probably  the  latter.  The  two  agree  exactly  in  the 
shape  of  the  cellules  and  in  the  characters  of  the  radicular  process ; 
whilst  the  only  difference  of  any  moment  is  to  be  found  in  the  fact 
that  D.  folium.  His.,  terminates  distally  in  a  rounded  celluliferous 
margin,  while  D.  palmtus,  Barr.,  has  Uie  same  extremity  bounded 
by  a  straight  non-celluliferous  line.  Gra^toliihus  ovatus  of  Barrande, 
appears  also  to  be  a  young  form  of  D,  palmeus,  and  it  is,  at  any 
rate,  inseparable  from  what  I  have  here  described  as  D,  folium. 
His. 

Loc,  Coniston  Flags  of  Skelgill  Beck,  near  Ambleside. 

DrpLooBAPSirs  AKOvsTiFOLrcrs,  Hall.     PI.  XIX.  figs.  8,  9. 

OraptoUthus  angustifoliua.  Hall,  Pal.  N.  York,  vol.  iii.  p.  515. 

Frond  simple,  and  diprionidian.  Breadth  a  little  short  of  one 
line.  CeUulos  from  28  to  30  in  the  space  of  an  inch,  subaltemate, 
or  nearly  opposite  to  one  another,  <<the  denticles  short,  ovate- 
acute,  the  extremities  sometimes  subobtuse"  (Hall).  The  com- 
mcm  canal  is  very  slender,  and  the  axis  is  prolonged  beyond  the 
distal  extremity  of  the  frond.  According  to  Hall,  the  base  <<  is 
marked  by  minute  setiform  radicles." 

I  have  found  one  example  of  this  species,  exquisitely  preserved  in 
relief,  in  the  Oraptolitiferous  mudstonoe  of  Skelgill  Beck,  and  there 
can  be  no  question  of  its  identity  with  the  American  form.  As  D, 
angustifolius.  Hall,  has  been  recently  confounded  with  D,  acwmi^ 
natus,  Nich.  (Carruthers,  Geol.  Mag.  vol.  v.  p.  130),  I  may  here 
mention  that  no  two  species  of  the  genus  Diplograpsus  arc  separated 
from  one  another  by  better-marked  distinctions.  In  2>»  angusti^ 
folius.  Hall,  the  base  is  marked  by  <*  minute  setiform  radides" 
(one  or  more  in  number),  whilst  the  cellules  are  subaltemate,  are 
from  28  to  30  in  the  space  of  an  inch,  and  possess  extremities  which 
are  usually  rounded  off  and  obtuse.     In  D.  aeuminatus,  Nich.,  on 
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the  other  band,  the  base  conaieta  of  a  long  and  tapering 
which  "  gradually  l)ccomre  continuous  with  the  body  of  th 
whiUt  tho  cellules  arc  not  more  than  ^m  20  to  25  in  the 
an  inch,  arc  markedly  alternate,  and  terminate  in  "  toothed 
gular  denticles"  (see  Geol,  Map.  voL  It.  p,  109). 

Loc.  Ooniston  Flogs  of  Skcl^  Beck,  near  Ambleside. 

DirLOflBApHrs  cosfertcb,  Nich,     PI.  XIX.  figs.  14,  15. 

Frond  in  short  fragments,  tapuriog  towards  the  base,  an 
^  of  on  inch  wide  in  the  fully  dcrcloped  portion.  Totai 
unknown,  neither  tho  proximal  nor  the  distal  oxtremitie 
&ond  being  exhibited.  Cellules  from  50  to  60  in  the  a 
an  inch,  inclined  to  the  axis  at  an  angle  of  about  45°,  t 
apoFtiircB  being  horizontal  or  directed  allghtlj  upwards.  Th 
of  tho  cellules  are  prolonged  into  long,  slender,  anbmacrono 
though  they  can  hardly  bo  said  to  be  furnished  with  distinct 

Though  the  above  is  only  known  to  rac  by  numerous  sho 
ments,  and  though  tho  characters  of  the  base  are  nowhere  ex 
I  have  been  compelled  to  &ame  a  new  species  for  its  receptii 
am  unable  to  make  it  agree  with  any  form  as  yet  described. 
shape  of  tho  denticles  it  agrees  very  closely  with  D.  mun 
Hall,  and  it  also  presonta  a  certain  resemblance  to  J},  p 
Burr.  1  but  it  is  at  once  distinguished  from  both  these  species 
very  great  number  of  cellules  in  the  space  of  an  inch.  It 
easily  separated  &om  B.  muervnalut,  Uoll,  by  the  great  comj 
widtii  of  the  frond. 

Loe.  Common  in  tho  Coniston  Flags  of  Skelgill  Beck. 

DiPLooBAFsus  TAMAKisccs,  Nich.     Fl.  XIX.  figs.  10-13. 

Frond  diprionidian,  slender,  of  unknown  length,  and  lu 
breadth  of  about  J^  of  an  inch  a  little  above  ^e  base, 
base  is  pointed,  and  sometimes  is  provided  with  a  proximal 
sion  of  the  axis.  The  common  canal  is  well  marked,  but  is  < 
ingly  narrow.  The  cellules  are  from  2-5  to  30  in  the  spao 
inch,  altematipg  very  distinctly  with  one  another  on  the  tw 
of  tho  frond,  free  for  more  than  two-thirds  of  their  entii« 
inclined  to  the  axis  at  about  10°,  and  having  thoir  outer  i 
more  or  less  convex  and  gibbous.  The  cell'mouths  are  a 
angles  to  the  axis,  or  nearly  so,  and  occupy  shout  one-half 
entire  breadth  of  tho  frond.  In  specimens  preserved  in  rel 
test  appears  to  be  marked  with  fine  transverse  striee. 

This  pretty  little  Diploijrapiut  is  readily  diatingnishod 
small  width  and  pointed  base,  and  by  the  alternate,  tnirret 
shaped  cellules,  which  leave  scarcely  any  oommon  canal,  i 
clincd  to  the  axis  at  an  extremely  small  angle,  and  poaoesa 
faoiiiontal  apertures.  I  have  named  it  after  Sertulariti  tanuir] 
branchlets  of  which  it  presents  a  considerable  reaemblance. 
specimens  in  my  possession,  from  the  Coniston  Flags,  at«  aJ 
mcnts  in  the  neighbourhood  of  the  base ;  but  I  possess  more 
examples  from  tho  Upper  IJandeilo  rocks  of  Damfriesshiro. 

Loe.  Coniston  Flags  of  Skelgill  Beck  (also  in  the  Upper  Lb 
■hales  of  Daffkinnel  Bum,  near  Wamphiay). 
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D1PLOGRAP8U8  piTTiLLus,  Hall,  sp.     PL  XIX.  figs.  17, 18. 

Oraptolithus  putiUnSf  Hall,  Grapt.  Quebec  Group,  p.  44,  pi.  A. 
figs.  10-12. 

Frond  diprionidian,  about  i  inch  in  length  and  1  line  in 
breadth.  Base  apparently  pointed.  The  frond  forms  a  cylin- 
drical tube,  divided  into  two  vertical  compartments  by  a  longi- 
tudinal septum,  the  lateral  edges  of  which  appear  on  the  exterior  of 
the  test  as  two  gently  undulating  lines  between  the  rows  of  cellules. 
The  common  canal  is,  comparatively  speaking,  very  wide.  The 
cellules  are  about  25  in  the  space  of  an  inch,  very  narrow,  curved, 
with  the  convexities  directed  outwards,  forming  an  angle  of  10°,  or 
thereabouts,  with  the  axis,  and  free  for  almost  their  entire  length. 
The  cell-mouths  are  rectangular  to  the  direction  of  the  cellules,  or 
rather  more  than  rectangular  to  the  axis. 

This  exceedingly  distinct  species  was  described  by  Hall  from  the 
Hudson-River  group  of  Iowa,  and  I  have  now  found  two  specimens, 
the  first  discovered  in  Britain,  in  the  Coniston  Flags  of  Westmore- 
land. It  is  at  once  recognized  by  the  breadth  of  the  common  canal, 
and  by  the  narrow,  curved,  nearly  vertical  cellules,  which  hardly 
overlap  one  another  at  all,  and  possess  cell-mouths  which  are  more 
than  rectangular  to  the  axis. 

Loc,  Coniston  Flags  of  Skelgill  Beck,  near  Ambleside,  beautifully 
preserved  in  relief. 

DiPLOoRAPsus  vEsicrLosrs,  Nich. 

I  have  obtained  a  single  fragment  of  this  truly  extraordinary 
species,  from  the  Coniston  Flags  of  Skelgill  Beck.  Its  characters, 
however,  are  so  anomalous  that  I  shall  reserve  all  description  of  it 
for  a  future  occasion,  as  it  would  occupy  too  much  space  in  the  pre- 
sent paper.  I  merely  mention  it  here  to  point  out  that  it  does  not 
possess  a  single  character  in  common  with  D.  pristis,  His.,  of  which 
it  has  been  asserted  to  be  merely  a  variety.  (See  Carruthers,  Geol. 
Mag.  vol.  V.  p.  130.) 

DlPLOOBAPSUS  PRISTIS,  His. 

Prionotus  pristis,  Hisinger,  Leth.  Suecica,  t.  35.  fig.  5. 
Diplograpsus  minutus  (vel  minimu^)^  Carruthers,  Geol.  Mag. 
vol.  V.  pi.  5.  fig.  12. 

Frond  diprionidian,  varying  in  length  from  a  quarter  of  an 
inch  to  nearly  8  inches,  exclusive  of  the  distal  prolongation  of 
the  axis,  which  often  adds  another  inch  to  the  total  length.  The 
breadth  in  the  folly  developed  portion  varies  from  ^  to  ^  of  an  inch. 
The  general  shape  of  the  frond  is  extremely  characteristic,  being  nar^ 
row  at  the  base,  and  widening  out  gradually  and  regularly  until  the 
fall  width  is  attained.  This  point  may  be  reached  in  the  lower  third, 
in  the  centre,  or  not  till  towards  the  distal  extremity ;  and  when  it 
has  been  once  attained,  the  frond  either  contracts  slightly  or  con* 
tinaes  of  the  same  breadth  to  the  end.  The  proximal  extremity  or 
base  is  small  and  rounded,  and  is  furnished  with  three  radicular  pro. 
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cosses,  which  aro  usually  small  and  short    The  central  one  of 
b  tho  proximal  extension  of  the  soHd  axis,  and  conBtitates  the 
"  radicle'*  or  '*  initial  point."    The  two  lateral  spines  are  pro< 
rf  i4  from  the  first  two  cellules  on  either  side,  and  point  down^ 

''  '' "  diverging  from  the  line  of  the  axis  at  an  acute  angle.     The  < 

extremity  is  truncated,  and  is  limited  hy  a  straight  line,  he 
which  tlio  solid  axis  is  prolonged,  often  for  an  inch  or  more, 
sometimes  slightly  dilated.  (This  dilatation  of  the  distal  extn 
of  the  axis  must  he  carefully  distinguished  from  that  of  Z).  Pt 
lastiiff  Nich.,  in  which  it  is  much  more  extensiTely  developed,  ^ 
the  other  characters  of  the  frond  are  entirely  d^erent.)  Th( 
lules  are  from  20  to  28  in  the  space  of  an  inch,  inclined  to  the 
at  fh>m  40^  to  45°,  overlapping  one  another  for  ahout  one-hi 
their  length,  and  terminating  in  hroad  triangular  denticles,  us 
somewhat  rounded  at  the  point.  The  oell-apertures  are  at 
angles  to  the  axis,  or  directed  slightly  upwards,  each  tran^re 
for  a  short  distance  upon  the  cellule  immediately  ahove. 

The  ahove  description  is  taken  mostly  from  specimens  oht 
from  the  Upper  liandeilo  rocks  of  Dumfriesshire  ;  but  the  exai 
from  the  Couiston  Flags  do  not  differ  in  any  important  ret 
though  mostly  fragmentary  and  hut  indifferently  preserved. 
pristh,  His.,  is  easily  recognized  hy  the  peculiar  shape  of  the  i 
by  the  three  small  processes  at  the  base,  and  hy  the  charact< 
the  cellules.  2>.  palmeus,  Barr.,  has  not  unfreqnently  been 
founded  with  it ;  but  the  diagnosis  between  the  two  is  extn 
easy  when  the  above  characters  aro  attended  to. 

toe.  Coniston  Flags  of  Mosedale  in  Long  Sleddale. 

C];.IMAC0OBAPSI7S  (DlPLOORAPSUs)  TEBETirSCTLUS,  Hls. 

Fn'onotus  teretvtsculus,  Hisinger,  Leth.  Suec.  Snpp.  ii.  t 

fig.  4. 
Graptolites  personates,  Scharenberg,  Ueber  Grapt.  t.  2. 

17-32, 
Diplograpstis  rectangvlaris,  M*Coy,  Ann.  Nat.  Hist.  2nd  8 

vol.  vi.  p.  271,  and  Pal.  Foss.  p.  8,  pi.  1.  B.  fig.  8. 
Climaccgrapsus  scalariSy  Carruthers,  Qteol,  Mag.  voL  ▼•  p  ' 
ClirruKograpsus  minutus,  Carruthers,  ibid.  p.  132. 

Frond  forming  a  hollow  cylinder,  divided  into  two  tabes  by  i 
tical  septum,  and  having  a  row  of  cellules  excavated  in  its 
stance  on  each  side.  The  frxind  is  thus  seen  to  be  compo« 
two  simple  monoprionidian  stipes  united  back  to  back,  the  < 
walls  of  the  two  coalescing  to  form  the  median  septum,  aloDj 
centre  of  which  runs  the  soHd  axis.  The  general  form  of  the  fit 
cylindrical,  varying  in  length  from  |  of  an  inch  up  to  2^  inches 
dusive  of  the  prolongations  of  the  axis),  tapering  towards  the 
and  attaining  a  width  of  ^  of  an  inch  in  the  frdly  developed  pc 
of  an  adult  specimen.  The  soHd  axis  is  prolonged  beyond  both  e 
mitics  of  the  frond,  often  to  a  very  considerable  length,  llu 
pearances  presented  by  different  examples  vary  according  U 
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mode  of  preservation,  the  direction  in  which  compression  has  been 
effected,  and  the  particular  view  which  is  afforded  by  any  given 
specimen. 

When  compressed  from  side  to  side,  or  at  right  angles  to  the  cel- 
lules, the  ceU-mouths  appear  as  qjuadranguhu*  or  oblong  notches, 
rounded  at  the  base,  and  extending  into  the  body  of  the  stipe,  the 
external  terminations  of  the  apertures  being  on  a  level  with  the 
outer  margins  of  the  frond.  About  30  of  these  notches  occupy  the 
space  of  an  inch.  This  form  is  the  one  which  was  described  by 
Prof.  M*Coy  under  the  name  of  Diplograpsus  reetangtdaris.  When 
compressed  from  back  to  front,  the  ceU-mouths  appear  as  oval-oblong, 
sometimes  linear,  sometimes  lunate,  apertures,  at  right  angles  to  the 
direction  of  the  frond,  and  about  30  in  the  space  of  an  inch.  Ac- 
cording as  the  compression  has  been  directly  from  back  to  front,  or 
according  as  more  or  less  of  the  lateral  surface  is  exhibited,  will  the 
apertures  of  one  or  both  rows  of  cellules  be  partially  or  entirely  dis- 
played, the  variations  in  this  respect  being  numerous. 

When  preserved  in  the  round,  and  viewed  from  side  to  side,  the 
septum  between  the  two  simple  stipes  which  together  form  the  frond 
exhibits  its  lateral  margin  as  an  <'  impressed  median  line,  which  is 
generally  straight,  but  is  sometimes  a  little  wavy  between  the  cells" 
(Salter).  The  variations  in  this  species  are  so  numerous,  its  struc- 
ture is  so  remarkable  and  withal  so  readily  interpreted,  and  it  throws 
so  much  light  upon  the  nature  of  GraptoHtes  in  general,  that  I  shall 
content  myself  for  the  present  with  the  above  brief  description,  re- 
serving a  more  detailed  account  for  a  paper  which  I  am  preparing 
upon  the  British  species  of  Diplograpsus  and  Climacograpsus,  There 
are,  however,  two  abnormal  appearances  which  I  may  notice  here, 
as  they  are  exhibited  by  specimens  which  I  have  obtained  from  the 
Coniston  Flags.  The  first  of  these  consists  in  the  attachment  to 
the  proximal  extension  of  the  solid  axis  of  several  small,  apparently 
vesicular  bodies  which  occur  on  both  sides  of  the  axis,  and  are  also 
attached  to  the  margins  of  the  frond  itself  near  the  base.  The 
second  consiBts  in  the  occurrence  of  a  form  of  Diplograpsus  display- 
ing plain  margins,  with  a  filiform  central  axis,  and  with  no  indica- 
tion of  cell-apertures  beyond  a  slight  crenation  of  the  margins. 
These  specimens,  at  first  sight  very  puzzling,  I  have  determined  to 
be  really  Climacograpsus  teretiuscidus  split  in  half,  so  as  to  present 
to  view  nothing  but  the  vertical  septum  which  divides  the  frond, 
and  along  the  centre  of  which  the  axis  runs.  The  correctness  of 
this  view  is  established  by  the  examination  of  a  specimen  shown 
partially  in  relief  and  partially  as  an  impression,  the  former  portion 
exhibiting  the  characters  above  mentioned,  whilst  the  latter  displays 
transverse  cell-apertures. 

Loc.  Very  common,  and  beautifully  preserved  in  relief  in  the 
Coniston  Flags  of  Skelgill  Beck,  near  Ambleside ;  also,  as  impress 
sions  only,  in  the  flags  of  Mosedale  in  Long  Sleddale. 

Genus  BjmoLiTES,  Barr. 

Frond  diprionidian,  linear,  with  subparallel  margins.    The  cel- 
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lules  are  in  contact  throughout  their  entire  length,  and  arise  from 
a  single,  internal,  coDnosarcal  canal,  which  **  occnpies  the  cen- 
tral portion  of  the  stipe.**  A  solid  axis  is  sometimes  present, 
but  appears  to  be  absent  in  some  species.  The  test  is  reticulate, 
or  punctate.  According  to  Barrande  and  Hall,  the  section  of  the 
frond  shows  that  it  is  triangular  in  shape ;  but  in  the  specimens 
from  the  Coniston  Flags  (all  beautifullj  preserved  in  relief)  the 
frond  is  shown  to  have  the  form  of  a  flattened  cylinder,  elliptical  in 
transverse  section,  the  flattening  not  seeming  to  be  in  any  way  due 
to  compression,  since  it  is  invariably  in  a  direction  at  right  angles 
to  that  of  the  cellules. 

Retiolites  GEiNTTziAinrs,  Barr.     PI.  XIX.  figs.  19,  20. 

Oladiolites  Oelnttziamts,  Barrande,  Grapt.  de  BohSme,  pl.  4. 
fiigs.  16-33. 

Frond  known  by  fragments  only,  which  show  neither  the  prox- 
mal  nor  the  distal  extremity.  The  breadth  of  the  frond  in  its 
widest  portion  is  from  -^  up  to  A-  of  an  inch,  gradually  diminish- 
ing towards  the  base.  The  cellules  are  disposed  on  each  side  of 
a  common  canal,  there  being  apparently  no  solid  axis.  They  are 
in  the  form  of  quadrangular  tubes  arranged  alternately  along  op- 
posite sides  of  the  frond,  in  contact  throughout  their  entire  length, 
from  25  to  30  in  the  space  of  an  inch,  and  forming  an  angle  of 
about  60°  with  the  general  axis  of  the  frond.  The  cellules  do  not 
meet  in  the  centre,  but  leave  a  vacant  median  space,  into  which  the 
cell-partitions  do  not  enter.  The  ceU-mouths  are  nearly  in  a  line, 
subparallel  as  regards  the  median  line  of  the  frond,  and  forming  an 
angle  of  about  120^  with  the  inferior  cell-walls.  The  test  is  covered 
with  small,  rounded,  often  umbilicated  reticulations. 

Loc.  Coniston  Flags  of  Broughton  Moor  in  Fumess. 

Retiolites  perlatus,  Nich.     PL  XIX.  figs.  21,  22. 

Frond  attaining  a  width  in  the  fully  developed  portion  of  not 
less  than  ^  of  an  inch.  The  total  length,  though  unknown,  must 
have  been  very  considerable,  as  one  of  my  specimens  reaches  a 
length  of  2  inches  without  showing  any  signs  of  contracting  to- 
wards either  extremity.  The  cellules  are  in  contact  throng^out 
out  their  entire  length,  the  cell-mouths  being  slightly  convex,  and 
parallel  with  the  median  line  of  the  frond.  The  cell-partitioiis  are 
very  faintly  marked.  There  are  plain  indications  of  a  very  delicate 
solid  axis.  The  entire  impression  is  crossed  in  every  direction  by 
interlacing  reticulated  threads,  which  leave  numerous  small  lacuue 
or  interspaces  between  them. 

This  extraordinary  Graptolite,  in  the  venose  character  of  its  i«ti- 
enlation,  is  undistingnishable  from  BeHolUes  venosui  of  Hall  (PlJ. 
N.  York,  vol.  ii.  p.  40,  pl.  A.  xvii.  fig.  2).  It  difiTers,  howerefy  in 
apparently  wanting  the  emarginate  lateral  borders  and  the  mncro- 
nate  extensions  of  the  cell-partitions  which  distingniBh  the  latter; 
and  it  is  even  more  readily  separated  by  its  comparatively  gigantic 
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size,  its  breadth  being  nearly  three  times  as  great  as  that  of  the  species 
figured  by  Hall.  I  am,  however,  bound  to  admit,  with  the  imper- 
fect materials  at  present  in  my  hands,  that  I  regard  the  separation 
of  R,  perlatus  as  a  distinct  species  as  simply  provisional,  since  more 
complete  specimens  might  show  that  it  is  a  large  form  of  R,  venosus, 
Hall.  It  is  only  known  to  me  by  a  few  fragments  from  the  Upper 
Llandeilo  rocks  of  Dumfriesshire,  and  by  two  specimens  which  I 
obtained  at  the  base  of  the  Ck>niston  Flags,  not  10  feet  above  the 
Coniston  Limestone.  HalFs  R.  venosuSy  on  the  other  hand,  is  from 
the  Clinton  group,  of  Middle-Silurian  age.  The  occurrence  of  R, 
perlatus  in  the  Graptolitiferous  mudstones  at  the  base  of  the  Coniston 
Plags  is  of  importance  as  serving  to  connect  these  beds  with  the 
flags  of  Broughton  Moor,  which  are  much  higher  in  the  series  and 
contain  R,  Geinitzianus,  Its  association,  too,  with  so  many  unim- 
peachable Lower-Silurian  forms  is  noteworthy  as  showing  that  the 
genu»  is  in  no  way  characteristic  of  the  Upper- Silurian  period. 
Lastly,  it  is  of  interest  as  corroborating  the  statement  of  Hall,  that 
a  solid  axis  is  present  in  some,  if  not  in  all  the  species  of  RetiolUes. 

Loc.  Coniston  Flags  of  Mosedale  in  Long  Sleddale.  Eare  in  the 
Upper  Llandeilo  rocks  of  Duflfkinnel,  near  Wamphray. 

Rastbites  peregrinus,  Barrande.     PI.  XIX.  figs.  23,  24. 

Stipe  consisting  of  a  simple  linear  tube,  from  which  the  cellules 
are  given  off  more  or  less  nearly  at  right  angles.  The  proximal 
and  distal  extremities  are  unknown,  the  specimens  hitherto  discovered 
being  short  fragments,  usually  curved.  The  cellules  vary  in  number 
from  22  to  40  in  the  space  of  an  inch,  and  from  -j^  to  |  of  an  inch 
in  length.  In  shape  they  are  linear,  slightly  narrower  at  their 
origin  from  the  axial  tube  than  towards  their  distal  extremities, 
and  usually  impressed  longitudinally  with  a  median  line. 

The  specimens  of  Rast rites  peregrinxis  from  the  Coniston  Flags 
present  all  the  characters  of  the  ordinary  form.  Their  occurrence 
in  this  formation,  along  with  the  cognate  R,  Linncei,  is  somewhat 
noteworthy,  no  member  of  the  genus,  as  far  as  I  am  aware,  having 
ever  before  been  found  in  Britain  in  rocks  younger  than  the  Upper 
liandeilo. 

Loc.  Coniston  Flags  of  Skelgill  Beck,  near  Ambleside. 

BiJSTRiTEs  Lnm^i,  Barrande.     PI.  XIX.  figs.  25,  26, 

Stipe  of  unknown  length,  usually  gently  curved,  and  consisting 
of  a  delicate  axial  tube,  giving  off  long  tubular  cellules  from  one 
side.  The  axial  tube  is  hair-like,  and  of  greater  tenuity,  when 
compared  with  the  size  of  the  cellules,  than,  perhaps,  in  any  other 
epecies  of  the  genus.  The  cellules  are  nearly  rectangular  to  the 
axis,  or  are  directed  slightly  upwards,  from  8  to  12  in  the  space  of 
an  inch,  from  -^  to  more  than  ^  of  an  inch  in  length,  linear, 
slightly  enlarged  at  their  commencement,  and  tapering  gradually  to 
their  termination. 

R.  Linnad  is  a  Bohemian  species,  the  characters  of  which  are  veiy 
distinct,  being  at  once  recognized  by  the  long,  remote  cellules.,  ^tA 
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the  delicate  common  tube.  It  was  found  by  Prof.  Harkness,  si>inc 
ywirs  a^,  in  tli^  Upper  Uandcilo  rocks  of  Dumfriesshire,  at  Duff- 
kiiiiiol  Burn  near  Wamphray,  and  it  forms,  therefore,  another  uf 
the  many  Dumlriesshire  species  wliich  are  found  also  in  the  Cuub- 
ton  Flags. 

Lvc,  Coniston  Plags  of  Moscdalo  in  Long  Sleddalc. 

(jrcnus  GHArTOLiTES,  vcl  Graftolithus,  linn. 

In  dt^scribing  the  species  of  the  genus  GraptoUtcs  there  arc  sonic 
terms  which  it  m  as  well  to  define  beforehand.  Theoretically  c^ach  col- 
lule  may  be  looked  upon  as  a  cylindrical  tube,  possessing  in  longitudi- 
nal si^ction  four  bordei-s.  Of  these,  the  "  imier"^  is  not  dcfini'd,  a>i4 
forms  the  base  of  the  cellule,  and  rests  upon  the  common  canal ;  the 
**(>//^7'"  border  forms  the  cell-mouth;  the  **i«/<r/«r"  margin  i?* 
that  which  bounds  the  cellule  proxiraally  or  towards  the  b;ise ;  and 
the  ^' superior"^  is  that  which  forms  the  distal  limit.  In  many 
species,  such  as  G.  smjlttarius,  Linn.,  all  those  are  prt^sent.  In  s^nni- 
(jrai)tolites,  however,  the  superior  margin  of  the  cellule  may  be  sai<i 
to  })e  ])raetically  absent,  as  in  G.  Nifssoiii,  Barr.,  and  G.  flifcniu-f, 
Ni(  h.,  since  in  these  cases  the  cellules  are  triangular,  and  the  i-om- 
raon  canal  is  the  limit  along  both  the  inner  and  the  superior  mar- 
gins. In  others,  again,  as  in  G,  Scdffwickn,  Portl.,  the  cellule  ter- 
minates in  a  pointed  apex,  so  that  the  outer  margin  can  hardly  be 
said  to  form  a  distinct  line. 

(JUAPTOLITKS  LOBIFET.US,  M'Coy.       PL  XIX.  figS.  27-30. 

0'.  lohifertiSy  M'Coy,  hnn,  &  Mag.  Nat  Hist.  2nd  series^  vol.  ri. 

J).  270,  and  Pal.  Foss.  pi.  1.  E.  fig.  3. 
C/.  BerL'i,  Barr.  Grapt.  do  lk)heme,  pi.  3.  figs.  14—18. 
G,  ^^icoliy  Harkness,  Quart.  Joum.  Geol.    iSoc.  vol.  vii.  pi.  1. 

tigs.  5  a,  b, 

G.  Vlhujauiy  Camithers,  Geol.  Mag.  vol.  v.  pi.  5.  figs.  19  <i,  h. 
Stipe  linear,  monoprionidian,  often  of  great  length,  and  attaining 
a  breadth  of  from  jV  to  -Ay  of  an  inch  in  the  iully  grown  por- 
tion. Axis  slender  ajid  hair-like.  Common  canal  broad  and  well 
marked.  C'ellules  nearly  rectangular  to  the  axis,  but  having  a 
slight  ujiward  inclination;  their  upper  margins  curved,  termina- 
ting in  **  obtusely  rounded  lobes,"  in  which  **  a  notch  on  the  un- 
<ler  edge  sei)arate8  the  rounded  extremity  from  the  oblique  descend- 
ing margin"  (M'Coy).  The  cellules  in  the  fully  developed  portion 
of  the  stipe  vary  between  12  and  30  in  the  space  of  on  inch,  the 
average  in  the  Dumfriesshire  specimens  being  from  16  to  18,  whilst  in 
the  exam])le8  from  tlie  Coniston  Flags  it  is  from  20  to  30.  llie  base  ot 
j)roxim2il  extremity  is  slender  and  curved,  the  common  canal  having 
a  great  comparative  width  (see  PI.  XIX.  fig.  29) ;  the  coUnles  arc 
fyom  20  to  25  in  the  space  of  an  inch,  and  are  much  narrower  than 
those  in  the  adult  portion  of  the  stipe,  coming  to  boar  a  considerable 
resemblance  to  the  cells  of  O,  SedffWickii,  Portl.  The  cdl-moutb, 
as  is  occasionally  well  shown,  opens  at  the  notch  in  the  under  mar- 
gin of  l\ic  ceUvxtc  ^Pl.  XIX.  fig.  30). 
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Though  the  typical  form  of  Q.  lobiferus,  M*Coy,  can  be  readily 
distinguished  by  the  above  characters,  yet  it  must  be  conceded  that 
it  in  some  cases  approaches  so  closely  to  O,  Sedgtvickii,  Portl.,  as  to 
render  any  sharp  Ime  of  demarcation  between  the  two  impossible. 
This  is  especially  the  case  in  specimens  showing  fragments  of  the 
stipe  near  the  base,  in  which  case  an  exact  distinction  is  sometimes 
impossible.  Graptolites  miUipeda,  of  M'Coy,  does  not  seem  to  have 
been  founded  on  the  proximal  extremity  of  O,  lohiferuSf  as  has  been 
thought,  but  upon  that  of  Q.  Sedgwickii,  O.  Clinguni,  Carr.,  is, 
however,  to  be  referred  to  the  young  form  of  Q,  lohiferus^  there  being 
in  this  case  a  distal  extension  of  the  axis,  as  there  usually  is  in  the 
young  of  the  monoprionidian  species.  The  specimens  of  O,  lohiferus 
from  the  Coniston  Flags  agree  in  almost  all  respects  with  those  from 
Dumfriesshire ;  but  the  cellules  seem  to  be  generally  rather  more 
closely  set. 

Two  varieties  of  Q,  lohiferus  appear  to  be  sufficiently  weU-marked 
to  deserve  distinct  names. 

Var.  a.  Nicoli,  Harkn.  Quart.  Joum.  Geol.  Soc.  vol.  vii.  pL   1. 
figs.  5  a,  h. 

This  form  approaches  very  closely  to  the  normal  type,  the  chief 
points  of  difierence  being  the  horizontality  of  the  cellules,  and  their 
tolerably  uniform  breadth,  the  extremities  not  forming  "  obtusely 
rounded  lobes."  The  number  of  the  cellules  is  also  higher  than  is 
usual  in  the  ordinary  form,  being  from  25  to  30  in  the  space  of  an 
inch.  This  variety  occurs  commonly  in  some  parts  of  the  Coniston 
Flags,  and  seems  to  be  really  a  variety  and  not  to  depend  upon  the 
mode  of  preservation,  direction  of  the  pressure,  or  any  other  acci- 
dental circumstance. 

Var.  /3.  ExiGuus,  Nich.     PI.  I.  figs.  27,  28. 

This  is  the  form  figured  by  Barrande  as  the  young  of  O.  lohiferus 
{op  eit.  pi.  3.  fig.  14).  It  is  distinguished  by  its  narrow  width 
(not  more  than  from  ^  to  y^  of  an  inch),  by  the  very  slender  common 
canal,  and  by  the  shape  oi  the  cellules,  which  have  an  upward  in- 
clination, are  slender  at  the  base,  and  have  the  extremity  inroUed  so 
as  to  form  a  rounded  knob.  The  cellules  are  about  30  in  the  space 
of  an  inch. 

Loc.  The  ordinary  form  of  O.  lohiferus  occurs  in  the  Coniston 
Flags  of  Skelgill  Beck,  near  Ambleside,  and  of  Mosedale  in  Long 
Sleddale ;  whilst  the  former  locality  yields  also  the  two  varieties 
above  described. 

Graptolites  SEDGwicxn,  Portl.    PI.  XIX.  figs.  31-34,  PL  XX^figs.. 
1,  2,  and  28. 

G.  convolutus,  Hisinger,  Leth.  Suec.  t.  35.  fig.  7. 
G.  proteus,  Barrande,  Grapt.  de  Boheme,  pi.  4.  figs.  12-15« 
G,  distans,  Portlock,  Geol.  Rep.  pi.  19.  figs.  4  a,  4  6. 
G.  spiralis,  Geinitz,  Graptolithen,  pi.  4.  figs.  32-35  ;  Barrande, 
op,  cit,  pi.  3.  figs.  10-13. 
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G,  mUlipeda,  M*Coy,  Pal.  Foss.  pi.  1.  B.  ^^.  6. 

Rustrlten  triawjiilatus,  Harknecis,  Quart.  Joum.  Geol.  Soc.  rol. 

vii.  pi.  1 .  tif^p*.  li  (/-</. 
O.  CIintt>iHHJth.  Hall,  Pal.  N.York,  vol.  ii.  pi.  17.  A.  figs.  la-i. 
G.  vonrnIntiiSy  Carnithers,  Geol.  Mag.  vol.  v.  pi.  5.  fig.  1. 

No  Cira]>tulito,  probjihly,  is  more  protean  in  its  form  and  present* 
greater  varialions  than  (ltx»s  G.  Sedf/wickii,  Portl.  Many  of  these 
(litfcreiicos  are,  doubtless,  due  to  the  mode  of  preservation,  or  to  the 
apre  (ti'  the  individual ;  and  others  may  possibly  he  of  sexual  value ; 
but  two  varieties  at  any  nite  appear  to  be  suiiieioiitly  widi  defined 
t«)  warrant  us  in  jriviui*  ibem  distinct  names.  Whilst  some  of  the 
forms  lUKbr  whicli  (r.  *sV(A/it'<VA'u  appears  approach  elost»ly  to  G. 
hthifrrua,  M'Coy,  others,  ajpiin,  make  an  approximation  to  O.  SilsfoitL 
Itarr.,  whilst  a  third  ^roup  shows  a  tendency  to  approach  the  gena* 
Jinstritrs.  At  tile  same  time  all  the  vaneties  graduate  into  one 
another  bv  a  series  of  closelv  connected  forms,  so  that  onlv  the 
t  ypi<al  exMmjjles  of  eaeh  admit  uf  being  accurately  placed.  Furthor, 
three  spedes  (viz.  (r.  ronvohttus,  His.,  G,  ;>n)^  mx,  Barr..  and  fi. 
ini/fifiofir.  M»('oy)  have  been  ftninded  ni>on  the  slender  eur\-ed  baM* 
ot  (r.  s,,/,firlrh'i{:  and  a  fourth,  6'.  spiral  is,  (Jein.,  has  l>een  formed 
\nt\n  sjHMinieiis  of  the  same,  in  which  the  entire  frond  is  rolled  up 
intt)  n  .>]>inil.  th<^  eoils  of  which  lie  in  one  plane.  It  will  1m*  evident, 
then.  Unit  the  examination  of  G.  Sir^iftvid'H,  and  the  discrimination 
of  its  various  tnrms,  is  beset  with  unusual  difficulty,  and  that  spe- 
cimens will  be  constantly  presenting  themselves  which  it  will  be 
im])ossible  to  as^i;rn  with  certainty  to  any  recognized  variety. 

The  oi'dinarv  form  of  (r.  tSttfi/wlcl'tl^  as  described  by  Pi^rtba^k, and 
as  fi£j:ured  ))y  M*C(»y,  consists  of  a  nimplo  monoprionidiun  stipe  ot' 
considerable  )>ut  unknown  length.  Tlie  breadth  of  the  adult  por- 
tion of  tlie  sti])e  from  the  solid  axis  to  the  cell-mouths  is  from  one 
to  two  lines.  The  axis  is  capillar}' ;  and  the  common  canal  is  broad 
and  coiispicunus,  sometimes  attaining  a  width  of  neurU'  ^  of  an 
in  ell.  The  cellules  are  long,  slender,  and  pointed,  their  superior 
margins  slij^htly  convex  and  having  a  general  direction  at  right 
angles  to  the  axis,  their  inferior  margins  more  extensively  curved, 
the  inner  or  basal  portion  being  sharjdy  inclined  to  the  axis,  whikt 
tlie  outer  half  is  ncarlv  horizontal.  Each  cellule,  therefore,  is 
somewhat  curved  as  a  whole,  and  is  of  a  triangubir  shape,  the  base 
restin*^  upon  the  common  canal,  and  the  cell-aperture  being  at  the 
apex.  The  cellules  are  from  20  to  24  in  the  Hi>ace  of  an  inch,  their 
general  inelimition  being  slightly  upwards,  or  nearly  at  right  angles 
to  the  axis.  Sometimes  the  cellules  are  cur\-ed  to  a  greater  extent, 
and  the  cell -mouth  points  partially  downwards ;  but  this  is  a  distinc- 
tion of  trivial  valm*,  and  depends  probably  upon  the  mode  of  pre- 
f'crvation  of  the  specimen. 

Other  examjdes  (PI.  XX.  ^g.  28),  whilst  presenting  all  the  charac- 
ter.^ of  the  above,  have  the  stipe  curved  into  a  spiral,  all  the  volu- 
tions of  which  lie  in  the  same  plane,  thus  coming  to  present  the 
form  descril>ed  by  Geinitz  under  the  name  of  (?.  tpiralis  {foe,  cit,) 
In  tb^^p  inrolled  Fpecimenp  it  if.  eeen  that  0.  S^^frfvkkii  commencf* 
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with  a  slender,  curved,  spiral  portion,  provided  proximally  with  a 
small  radicle.  The  cellules  here  are  not  so  long  as  in  the  adult  por- 
tion of  the  stipe,  and  they  are  more  closely  arranged,  attaining  the 
number  of  from  30  to  40  in  the  space  of  an  inch.  This  coiled-up 
proximal  portion  of  O,  Sedgwickii  was  described  by  Hisinger  iinder 
the  name  of  G.  convoltUus,  and  it  also  corresponds  to  O.  proteus  of 
Barrande  and  O,  miUipeda  of  M*Coy.  All  these  pseudo-species, 
however,  are  partially  referable  to  the  base,  not  of  the  ordinary 
form  of  O.  Sedgwickii,  but  of  the  variety  triangidatus,  Harkn.,  the 
proximal  extremities  of  the  two  forms  often  very  closely  resembling 
one  another. 

Judging  from  the  figures  of  G,  Clintonensis  of  Hall,  described 
from  the  Clinton  formation  (of  Middle-Silurian  age),  this  Graptolite 
is  merely  a  form  of  G,  Sedgtvichii ;  and  its  occurrence  so  high  in  the 
Silurian  series  is  worthy  of  note. 

The  normal  form  of  G,  Sedgwickii,  Portl.,  as  above  described, 
occurs  commonly  in  the  Upper  Ilandeilo  rocks  of  Dumfriesshire, 
and  is  found,  though  rarely,  in  the  Coniston  Flags  of  Westmoreland 
(Skclgill  Beck  near  Ambleside,  and  Broughton  Moor  in  Eumess). 

Var.  a,  spinigerus,  Nich.     PI.  XIX.  fig.  32. 

This  variety  is  dubiously  distinct  from  the  ordinary  form,  and 
differs  from  it  only  in  the  fact  that  the  cellules  are  provided  with 
strong  horizontal  spines  proceeding  from  their  lower  surfaces,  and 
apparently  attached  to  the  inferior  margins  of  the  cell-mouths.  The 
spines  are  ordinarily  from  ^  to  ^  of  an  inch  in  length ;  but  a  line 
or  more  is  not  unfrequently  attained.  It  is  possible  that  these 
spines  are  normally  present  in  G,  Sedgwickii',  but,  as  the  great 
majority  of  examples  (even  when  best  preserved)  do  not  exhibit 
any  traces  of  them,  I  have  thought  it  best  to  form  a  distinct  variety 
for  those  specimens  in  which  they  occur.  This  view  is  strongly 
corroborated  by  the  distribution  of  the  species  in  the  Coniston  Els^. 
Thus  in  the  flags  of  Mosedale  in  Long  Sleddale  it  occurs  in  great 
plenty  and  of  great  size,  whilst  the  spineless  form  is  seldom,  or 
never,  found.  In  the  flags  of  Skelgill  Beck,  however,  which  are 
exactly  on  the  same  horizon,  the  spine-bearing  variety  is,  as  far  as 
I  have  seen,  entirely  wanting,  and  the  species  is  represented  by  the 
normal  form,  and  by  the  variety  triangulatus  of  Harkness.  In  the 
flags  of  Broughton  Moor,  again,  the  ordinary  form  is  by  no  means 
uncommon,  but  neither  of  the  varieties  has  hitherto  presented  itself. 

Var.  /3.  TRLANGULATFS,  Harkn.     PI.  XIX.  figs.  33,  34;  PI.  XX. 
figs.  1,  2. 

Eastrites  triangulatus,  Harkness,  Quart.  Joum.  Geol.  Soc.  vol. 
vii.  pi.  1.  figs.  Sa-d. 

This  is  a  very  weU-marked  variety  of  G,  Sedgwickii;  but  it 
seems  on  the  whole  to  be  only  a  variety,  and  not  to  be  a  distinct 
species.  In  some  localities  it  prevails  to  the  total  exclusion  of  the 
ordinary  form,  and  it  is  almost  always  the  most  abundant  phase  of 
the  species.     The  stipe  is  simple,  monoprionidian,  and  more  or  less 
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curved  commencing  with  a  small  radicle  and  a  slender  curviHi 
proximjil  portion,  which  gradually  becomes  straight,  or  nearly 
straight,  as  it  becomes  fully  developed.  The  axis  is  capillary,  the 
common  canal  slender  and  very  much  narrower  than  in  the  normal 
form.  The  breadth  of  the  fully  grown  portion  of  the  stipe  is  one 
line  or  rather  more.  The  cellules  are  long,  triangular,  and  pointed, 
the  base  resting  u])ou  the  common  canal,  and  the  cell -mouth  being 
at  the  apex,  from  1^0  to  30  in  an  inch,  nearly  at  right  angles  to  the 
axis,  or  diiected  slightly  upwards,  their  upi)er  and  lower  margins 
being  subi)arallel  and  of  nearly  equal  length ;  sometimes  the 
breadth  of  the  cellules  is  tolerably  uniform,  till  close  upon  the  eell- 
mouth,  being  about  ^^^  of  an  inch  near  the  middle ;  sometimes, 
however,  the  inferior  margin  is  considerably  inclined  to  the  axis,  in 
which  case  the  base;  of  the  cellide  is  expanded,  and  its  form  becomw 
more  distinctly  triangular ;  sometimes,  agidn,  the  cell-muuths  an- 
detiexed  ;  but  in  no  case  have  they  ever  been  observed  to  be  pro\'iileii 
with  spines.  The  proximal  cellules  have  mostly  the  same  characters 
as  those  of  th<.>  older  portion  of  the  stipe,  except  that  they  are 
smaller  and  are  placed  at  a  greater  relative  dist<iuce  from  one  an- 
t)tlier.  So  much  is  this  occasionally  the  case,  that  tlio  proximal 
extremity  may  assume  the  characters  of  a  KfimtriUs,  and  might,  il' 
observed  as  a  fragment,  bo  mistaken  for  such. 

Most  sj)eeiniens  average  from  ^  to  1  inch  in  length ;  but  some 
attain  a  very  much  greater  length,  though  perfect  examples  can 
seldom  be  met  with.     Like  the  normal  form  this  varietv  sometimt*s 

•r 

occurs  rolled  uj)  into  a  spiral,  the  coils  of  which  lie  in  one  plane. 
13esides  this,  numerous  variations  of  a  minor  and  unimportant  cha- 
racter occur ;  but  the  genend  features  of  the  variety  are  very  lUb- 
tinct. 

Lnc.  Common  in  the  Upper  Llandeilo  rocks  of  Dumfriesshire,  and 
in  the  C*oniston  Flags  of  Skelgill  Beck,  near  Ambleside,  and  Mosc- 
dale  in  Long  Sleddale. 

Gr.u»tolites  FI3IBR1ATUS,  Nich.     PI.  XX.  figs.  3-5. 

8ti])o  simple,  monoprionidian,  about  one  line  in  breadth  in  the 
adidt  ])ortion,  and  of  unknown  length,  the  base  being  slender  and 
curvecl.  The  axis  is  capillary.  The  common  canal  is  well  marked, 
though  narrow.  The  cellules  are  in  contact  for  the  inner  half  or 
third  of  their  length,  at  right  angles  to  the  axis,  or  directed 
ver}'  slightly  upwards,  triang^ar,  pectinated,  and  extremely  closely 
arranged,  being  about  30  in  the  space  of  an  inch;  their  breadth 
at  the  base  is  about  -^^^  of  an  inch,  gradually  diminishing  to- 
wards the  apex,  which  is  either  rounded  off  or  somewhat  acntely 
pointed,  but  which  is  never  detiexed  or  provided  with  spines.  The 
b^ise  is  curved,  the  youngest  portion  closely  resembling  the  prozinial 
extremity  of  G,  Sulf/wickii,  var.  trlangtdatus ;  the  cellules,  however, 
very  ra]>idly  become  broader  and  more  closely  set. 

6r.  JimbriatuA  cannot  be  confounded  with  any  Graptblite  with 
which  1  am  acquainted,  and  can  be  readily  recognized  even  in  small 
fraguicnts.    it  is  allied  to  6r.  Sed(/wicku\  Portl.,  in  its  ordinary  form, 
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and  belongs  to  the  same  natural  subgroup ;  but  it  is  sharply  sepa- 
rated by  the  broad,  tooth-like,  close-set  cellules,  which  have  hardly 
any  interval  between  them,  so  that  the  celluliferous  edge  of  the  stipe 
assumes  a  pectinated  appearance. 

Loc.  Beautifully  preserved  in  relief  in  the  Coniston  Flags  of  Skel- 
giU  Beck,  near  Ambleside ;  also,  of  doubtful  occurrence,  in  the 
Upper  Llandeilo  rocks  of  Polmoody  Bum  near  Moffat. 

Gbaptolitbs  Nilssoni,  Barr.     PI.  XX.  figs.  16-21. 

Q,  NU^ssoni,  Barrande,  Grapt.  de  Boheme,  pi.  2.  figs.  16,  17. 
O.  Nihsoni,  Geinitz,  Graptolithen,  pi.  2.  figs.  19,  28,  31,  &  32. 
Mano(/rap8us  proteus,  Geinitz,  ibid.  pi.  4.  figs.  9,  10,  11,  12, 

15-18,  &  20. 
O.  Nilssonij  Harkness,  Quart.  Joum.  Geol.  Soc.  vol.  vii.  pi.  1. 

fig.  7. 
0.  intermedius,  Carruthers,  Geol.  Mag.  vol.  v.  pi.  5.  fig.  18. 

Stipe  long,  linear,  monoprionidian,  of  an  average  breadth  of 
from  ^  to  yg^  of  an  inch.  Axis  capillary.  Common  canal  ex- 
tremely slenocr.  Cellules  long  and  triangular,  with  pointed  den- 
ticles so  arranged  that  the  cell-mouth  of  each  is  situated  exactly  at 
the  commencement  of  the  next.  Cellules  from  18  to  20  in  the 
space  of  an  inch,  very  narrow,  the  cell-mouth  being  nearly  rectan- 
gular to  the  axis.  The  "  superior  "  wall  of  the  cellule  is,  properly 
speaking,  absent ;  the  "  inferior  "  margin  is  about  twice  as  long  as 
the  cell-mouth,  or  rather  longer,  inclined  to  the  axis  at  from  20°  to 
30°,  and  usually  slightly  concave.  The  denticles  are  pointed,  and  are 
occasionally  somewhat  dcflexed.  The  base  is  curved  and  extremely 
slender,  the  cellules  appearing  as  little  triangular  protuberances  on 
the  axis,  but  preserving  the  same  characters  as  in  the  fully  developed 
portion  of  the  stipe,  being  especially  characterized  by  the  short  rec- 
timgular  cell-mouths,  the  acute,  sometimes  deflexed,  denticles,  and 
the  long,  curved  "  inferior "  cell- walls,  which  are  inclined  to  the 
axis  at  an  extremely  low  angle. 

Var.  a.  major,  Nich.     PI.  XX.  figs.  20,  21. 

Stipe  attaining  a  breadth  in  the  fuUy  developed  portion  of  about 
of  an  inch.  Common  canal  comparatively  well  marked.  Cellules 
to  25  in  the  space  of  an  inch,  tnangular,  the  cell- mouths  form- 
ing a  more  or  less  acute  angle  with  the  axis,  though  never  departing 
far  from  the  perpendicular ;  the  inferior  cell- wall  about  twice  the 
length  of  the  aperture,  inclined  to  the  axis  at  about  30°.  The  den- 
ticles acutely  angular  and  sometimes  slightly  deflexed. 

Var.  fi.  MiHOB,  Nich.     PI.  XX.  figs.  16, 17. 

Stipe  extremely  narrow,  being  nothing  more  than  a  mere  line,  upon 
which  the  cell-mouths  appear  as  little  varicose  knots  or  ampulla- 
tions.  Cellules  long,  narrow,  and  remote,  from  18  to  20  in  the  space 
of  an  inch,  so  arranged  that  the  cell-mouth  of  each  is  exactly  at 
the  base  of  the  next.     Cell-apertures  nearly  rectangular  to  UiA  «xS&^ 
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short,  their  points  sometimes  slightly  turned  down.  The  inferior 
cell- walls  inclined  to  the  axis  at  from  5°  to  10^,  and  from  four  to 
to  live  times  as  long  as  the  cell-mouths. 

Like  G.  ^'Sultjunckiif  Portl.,  0,  Ailssoni  appears  under  such  yarious 
forms  and  aspects  that  it  is  extremely  diflicult  to  draw  exact  limits 
for  the  species.  Taken  as  a  whole  the  characters  of  the  species  are 
sufficiently  distinctive ;  but  numerous  specimens  present  themselves 
which  ai)proach  closely  to  G,  tenuis,  Portl.,  to  the  young  form  of  G. 
safjlttdriidt,  Linn.,  and  to  certain  narrow  examples  of  G.  JSt'ififwicl-ii, 
Portl.,  whilst  all  the  different  varieties  are  connected  together  l»y  a 
series  of  transition  forms.  Three  forms,  at  any  rate,  diUcring  from 
one  another  in  size  and  in  some  smaller  jn.'culiaritios,  soem  to  be 
sufficiently  distinct  to  bo  considered  genuine  varieties.  Of  the^se, 
I  have  takrn  the  one  which  is  intermediate  in  size  to  represent  the 
typical  funn  of  the  species,  the  two  extremes  appearing  lo  bo  truly 
varieties,  and  to  possetss  chai'acters  really  peculiar  and  not  dejveud- 
ing  simi)ly  ui)on  age  or  mode  of  preservation. 

The  ordinar}-  form  of  G,  Nihsoni,  Barr.,  is  charact<.*rixed  by  the 
separation  of  the  cellules,  which  do  not  overlap  one  another,  by 
the  short,  rectangular,  or  nearly  rectangular,  ccU-momhs,  and  by 
the  long  and  slightly  curved  **  inferior"  cell- walls,  which  give  the 
(ntiie  ci'lhde  a  triangular  shape.  In  G,  titmiit^  I'ortl.,  on  the  other 
hand,  the  c:ell-mouth,  though  also  short  and  rectangular,  truusgivsses 
upon  the  body  of  the  stipe,  running  across  the  base  of  the  cellule 
immediately  above,  whilst  the  inferior  cell-wall  is  either  straight 
or  is  s<anewhat  convex.  The  larger  variety  of  6^.  Siismoui  agrees 
with  the  normal  form  in  most  respects,  diftering  chietly  in  the 
greater  width  of  the  stipe,  the  more  cousj)ieuous  common  canal,  and 
the  fart  that  the  cell-mouths  are  directed  more  upwards,  so  that 
the  denticles  becojne  more  acutely  angular.  Tlie  smaller  variety  is 
chiefly  difstinguished  by  its  extreme  tenuity,  and  the  proportionate 
length  of  the  "inferior"  cell- wall  when  compared  with  the  ccli- 
mouth. 

y.oc.   (.'oniston  Flags  of  ISkelgill  Beck,  near  Ambleside ;  Upper 
Llandeilo  rocks  of  Garplo  Linn,  l)ulfkinnel  Eui-n,  &c.  near  Moflkt. 

CiRAPTOLires  tem:is,  l*ortl.     PL  XX.  fig.  31. 

G,  tunn's,  Portlock,  Geol.  Rep.  p.  310,  pi  19.  fig.  7. 
StijH'  slender,  of  unknown  length,  neither  extremity  having 
been  hitherto  detected,  and  hanng  a  breadth  of  from  ^\^  to  ^ 
of  an  inch.  The  cellules  arc  from  20  to  24  in  an  inch,  overlap- 
ping one  another  to  an  extremely  limited  extent,  very  narrow, 
and  inclined  to  the  axis  at  the  very  small  angle  of  firom  5®  to  10^. 
The  cell-mouths  are  extremely  short,  at  right  angles  to  the  axis. 
and  running  ptirtially  across  the  stipe,  so  as  to  cut  across  the  base 
of  tlie  (rellide  imnndiatcly  above.  The  *♦  inferior"  cell- walls  are 
straight  or  slightly  convex,  from  three  to  four  times  as  long  as  the 
cell-mouth,  and  almost  parallel  to  the  axis. 

It  is  very  questionable  whetlier  this  can  be  maintained  as  a  dis- 
tinct siK'cies.     No  doubt  some  of  the  forms  of  G.  MlsgoM,  Barr.. 
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approach  very  closely  to,  if  they  do  not  agree  exactly  with,  the 
description  of  G,  tenuis  by  Portlock ;  but  an  examination  of  a  large 
series  of  specimens  shows  that  these  should  really  be  referred  to 
O.  NiUsoni,  into  the  typical  form  of  which  they  pass  by  insensible 
gradations.  The  above  characters  are  founded  on  specimens  both 
from  the  Coniston  Flags  and  from  the  Upper  Llandeilo  rocks  of 
Dumfriesshire,  which,  if  not  fragmentary,  are  certainly  distinct, 
though  I  am  not  in  a  position  to  assert  that  they  agree  exactly 
with  the  characters  of  O.  tenuis,  Portl.  The  O,  tenuis  figured  by 
M'Coy  (Pal.  Foss.  pi.  1  B.  figs.  4,  5)  appears  to  be  in  reality  the 
young  form  of  G,  Sagittarius,  linn. 

Loc,  Duffkinnel  Bum  near  Wamphray,  and  Dobbs  linn  near 
Mo&t. 

Graptolites  discbetus,  Nich.     PI.  XX.  figs.  12-15. 

Stipe  long,  linear,  and  slender,  commencing  by  a  long,  narrow, 
and  gently  curved  base ;  length  unknown ;  breadth  from  ^  to 
^  of  an  inch  in  the  fuUy  developed  portion  of  the  stipe.  Axis 
exceedingly  fine,  and  sometimes  prolonged  beyond  the  distal  ex- 
tremity of  the  stipe.  Common  canal  of  great  breadth,  occupying 
about  two-thirds  of  the  entire  width  of  the  stipe.  Cellules  very 
remote,  from  12  to  16  in  the  space  of  an  inch,  each  resting  directly 
upon  the  mouth  of  the  one  immediately  below.  Cell-mouths  short, 
forming  an  oblique  aperture  running  for  a  short  distance  across  the 
body  of  the  stipe,  the  inferior  lip  being  prolonged  into  a  long^ 
flexible,  submucronate  extension,  which  is  usually  directed  upwards. 
The  •'superior"  cell-waU  is  apparently  wanting,  the  "inferior" 
margin  being  nearly  parallel  with  the  axis,  straight  or  slightly  con- 
vex, and  from  twice  to  three  times  as  long  as  the  ceU-mouths. 

The  long,  submucronate  extremities  of  the  cellules  are  often  fur- 
nished with  little  ovoid,  or  triangular,  vesicular  bodies  depending 
from  their  apices  (PI.  XX.  fig.  15). 

This  remarkable  Graptolite  differs  to  a  marked  extent  from  all 
other  described  forms,  being  distinguished  by  the  very  remote  and 
distant  cellules,  almost  parallel  with  the  axis,  by  the  great  compa- 
rative width  of  the  common  canal,  and  by  the  extended,  submucro- 
nate denticles.  These  peculiarities  deprive  it  of  even  a  distant 
resemblance  to  any  species  with  which  I  am  acquainted.  The  little 
triangular  or  bell-shaped  vesicles,  which  depend  from  the  apices  of 
many  of  the  cellules,  are  so  constant  in  their  occurrence  and  posi- 
tion, that  they  cannot  possibly  be  regarded  as  accidental.  They 
may  possibly  be  reproductive,  and  may  correspond  to  the  "  ovarian 
capsxdes"  of  the  Sertularidcs ;  but  I  have  no  data  whereby  to  decide 
this  point  positively. 

Loc,  Coniston  Flags  of  Mosedale  in  Long  Sleddale,  abundant  and 
well  preserved. 

Gbaptoijtes  BoHBMicxrs,  Barr.     PI.  XX.  figs.  22-24. 

G,  Bohemicus,  Barrande,  Grapt.  de  Boh^me,  pi.  1.  figs.  15-18. 
Stipe  simple,  monoprionidian,  of  unknown  length,  and  attaining 
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a  breadth  of  nearly  one  lino  in  the  fuUy  developed  portion.  Axi« 
slender.  Common  canal  narrow.  CeUulee  from  -|^  to  ^  of  an 
inch  in  length,  inclined  to  the  axis  at  an  angle  of  from  25°  to  I^i'*, 
narrow,  in  contact  for  ahout  two-thirds  of  their  entire  length ; 
from  20  to  25  in  the  space  of  an  inch ;  the  cell-mouths  maJang 
more  than  a  right  angle  with  the  general  direction  of  the  cellules, 
and  forming,  tliorcfore,  a  very  ohtuse  angle  with  the  axis.  Jiase 
slender  and  cnrved,  somewhat  resomhling  that  of  Q,  9agitinri\tM^  Linn. 

This  verj'  distinct  species  is  readily  recognized  hy  the  ohliquity 
of  the  long  and  narrow  cellides,  and  hy  the  open  angle  which  the 
oill-month  makes  with  the  cell-walls.  The  specimens  which  1  have 
distovered  from  the  base  of  the  Coniston  Flags  are  exquisitely  pre- 
served in  relief,  and  arc  the  first  examples  of  the  species  which  have 
hitherto  been  found  in  Great  Britain. 

Loc,  Coniston  Flags  of  Skelgill,  near  Ambleside. 

CJK.vrTOLiTKs  pKioDON,  Bronn.     PI.  XX.   figs.  6-8. 

(r.  priothm^  Barrando,  Grapt.  de  Boheme,  pi.  1.  figs.  1-14. 
G.  priodon.  CJeinitz,  Graptohthcn,  pi.  3.  tigs.  20-27,  29-32,34. 
(r.  L)f(f,nsls,  Murch.  SU.  Syst.  pi.  26.  figs.  1, 1  a. 

Stipe  simple,  monoprionidian,  commencing  proximally  in  a  nlen- 
d(T,  straight  or  cuned  base,  and  then  proceeding  in  a  straight 
or  sliglitly  curved  line.  Axis  cylindrical.  Common  canal  well 
marked.  Cellules  in  contact  near  the  base  for  the  inner  half 
<ir  tlurea bouts,  and  then  gradually  diverging  from  one  another 
owing  to  the  diminution  of  their  calibn*,  forming  an  angle  of  al)Oiit 
4;V  wit) I  the  axis,  cylindrical,  tapeiing  gradually  from  base  to  aj»ex, 
and  varying  from  22  in  the  adult  to  30  in  the  younger  specimens  in 
tlie  spai'c  of  an  inch.  The  most  characteristic  point,  however,  about 
tlie  ei'Ihiles  is  the  peculiar  double  curve  which  they  describe,  the 
inner  tliird  being  rectangular  to  the  axis,  the  middle  third  bent  up- 
wards, and  the  outer  third  again  curved  downwards,  so  that  the 
ccll-niouth  finally  comes  to  look  more  or  less  completely  downwards 
or  outwards. 

(r,  printfon,  though  often  confounded  with  (?.  colontut^  Barr.,  is 
readily  distingnislied  from  any  other  species  known  to  me.  O. 
colony's  is  easily  si»parated  by  the  shape  of  the  frond  and  by  the 
faots  that  the  cellules  are  in  contact  throughont  almost  their  entire 
length,  that  they  do  not  taper  gradually  from  base  to  apex,  and  tliat 
tliey  want  the  |)eeuliar  double  curvature  so  characteristic  of  the 
cellules  of  G.  jirioifon. 

G.  prlodon  is  not  only  found  in  the  Coniston  Grits  and  the  higher 
beds  of  the  Coniston  Flags,  but  occurs  likewise  in  the  mudstones  at 
the  base  of  the  latter,  serving,  therefore,  to  show  the  indivisibility 
of  the  entire  series. 

/.('('.  Coniston  Flags  of  Broughton  Moor  and  Skelgill  Beck ;  Conis- 
ton Grits  of  Hebblethwaite  Gill,  near  Sedbei^h. 

(iRAPToLiTKs  coLONus,  Barrande.     PL  XX.  figs.  9-11. 

There  occur  in  the  Ludlow  rocks  in  the  neigfabonrhood  of  Ludlow. 
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and  also  in  some  parts  of  the  Coniston  Mags,  certain  small  Qraptolites 
which  are  decidedly  distinct  from  G.  priodon,  and  which,  though 
they  diflFer  somewhat  from  the  typical  form  of  O,  colonus,  Barr., 
nevertheless  appear  to  he  really  inseparahle  from  it,  and  to  he  iden- 
tical with  one  of  the  forms  figured  hy  Barrande  (loc,  cU,  pi.  2. 
fig.  5). 

Stipe  simple,  monoprionidian,  from  1  to  |  of  an  inch  in  length, 
attaining  a  breadth  of  about  one  lino  in  the  fully  developed 
portion,  and  tapering  gradually  towards  the  base.  The  base  is 
straight,  and  not  curved,  and  is  simply  pointed,  there  being  no 
proximal  extension  of  the  solid  axis.  The  back  of  the  stipe  is  often 
somewhat  convex.  The  axis  is  capillary,  and  is  prolonged  for  a 
short  distance  beyond  the  distal  extremity  of  the  stipe.  The  cellules 
are  from  30  to  35  in  the  space  of  an  inch,  inclined  to  the  axis  at 
about  45°,  straight,  free  for  about  one- third  of  their  entire  length  ; 
the  cell-mouths  are  curved,  nearly  at  right  angles  to  the  direction  of 
the  cellules,  the  proximal  lip  of  the  aperture  being  prolonged  into 
a  submucronate  extension,  without,  however,  any  true  spines. 

The  specimens  from  the  Coniston  Flags  occur  chiefly  in  the 
"sheer-bate"  beds  at  the  top  of  the  series.  They  are  too  imper- 
fectly preserved  to  admit  of  accurate  determination,  but  they  agree 
with  the  specimens  of  O,  colontis,  Barr.,  from  the  Ludlow  rocks  in 
the  following  points : — Ist,  in  the  general  form  of  the  stipe,  which 
is  from  I  to  I  of  an  inch  in  length,  is  slightly  convex  along  the 
back,  and  tapers  gradually  towards  the  base  without  curving  up ; 
2ndly,  in  the  prolongation  of  the  solid  axis  beyond  the  distal  end  of 
the  stipe  ;  and,  3rdly,  in  the  existence  of  submucronate  denticles. 

Loc,  Coniston  flags  of  Skelgill  Beck  (grey  grits  above  the  mud- 
stones),  Horton  in  Eibblesdale,  Broughton  Moor,  and  Ash  Gill 
(cleaved  flags),  Torver  Beck  near  Torver  ("  sheer-bate  "  flags) ; 
Coniston  Grits  of  Casterton  Low  Pell,  near  Xirkby  Lonsdale.  Abun- 
dant in  the  Lower  Ludlow  rocks  of  Bow  Bridge,  near  Ludlow. 

Graftolitbs  saoittartcjs,  Linn.     PI.  XX.  figs.  25-27. 

Prionotiu  Sagittarius,  Hisinger,  Leth.  Suec.  Supp.  p.  114,  t.  35. 

fig.  6. 
O.  Barrandiiy  Scharenberg,  Ueber  Grapt.  t.  1.  figs.  5-7. 
O.  virgulattts,  ibid,  loc,  dt,  figs.  8-11. 
O.  nuntius,  Barrande,  Grapt.  de  Bohdme,  pi.  2.  ^.  6. 
G,  incisus,  Harkness,  Quart.  Joum.  Geol.  Soc.  vol.  vii.  pi.  1. 

fig.  8. 
G,  Hisingeriy  Carruthers,  Geol.  Mag.  vol.  v.  p.  126. 

Stipe  of  unknown  length,  and  varying  in  breadth  from  -^  to 
■^  of  an  inch,  commencing  with  a  long  and  slender  radicle,  pro- 
longed into  an  extremely  slender,  usually  more  or  less  curved,  cel- 
luliferous  stipe,  which  gradually  widens  out  and  becomes  straight. 
The  deUcate  basal  portion  of  the  stipe  may  sometimes  be  as 
much  as  1^  inch  in  length  before  the  cellules  become  fully 
developed  and  assume  their  normal  characters.     Not  only  is  this 
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basal  portion  extremely  narrow,  but  the  cellules  differ  entirely  from 
those  of  the  adult  stii)e,  being,  in  fact,  undistinguishable  in  all  their 
characters  from  those  of  the  smaller  forms  of  O,  yilAsoni,  Barr. 
The  solid  axis  is  slender  and  cylindrical,  and  in  young  specimens  is 
often  seen  to  be  prolonged  beyond  the  distal  extremity  of  the  stip«\ 
The  common  canal,  except  in  very  young  individuals,  is  sufficiently 
well  marked.  The  cellules  aro  inclined  to  the  axis  at  about  45-. 
averaging  about  2o  in  the  space  of  an  inch,  but  varjing  in  numl>er 
from  20  to  \iO.  Th«*  cell-mouths  are  at  right  angles  to  the  axis,  each 
encroaching  sliglitly  upon  the  cellule  immediately  above  ;  the  den- 
ticles are  angular,  and  rarely  furnished  with  minute  spines.  The  cel- 
lules overlap  one  another  for  from  one-third  to  one-half  of  their  entire 
length,  the  tree  portion  being  often  somewhat  the  widest,  and  having 
a  dilated  and  sacculate  appearance. 

G.  S(f*jtftarius,  Linn.,  is  apparently  exclusively  confined  to  th*» 
liOwer  Silurian  rocks,  in  Britain  certainly,  and  probably  abr«>ad 
as  well.  It  is  of  very  doubtful  occurrence  in  either  the  Skiddaw 
Slates  or  the  Lower  Llandeilo  rocks  proper,  but  it  is  a  hijrhly 
characteristic  and  abundant  fossil  in  both  the  Upper  Llandeilo 
and  the  Caradoc  grouj)s.  It  is  found  in  tolerable  plenty  in  the  foni- 
ston  Flags,  and  it  appears  to  have  survived  into  the  Coniston  Grits. 

Lor.  Coniston  Flags  of  Mosedale  in  Long  Sleddale  and  Skelgill 
Beck,  near  Ambleside;  Coniston  Grits  of  Helmside,  near  Dent(?). 

CiRAPTOLiTEs  TTRRiccLATus,  Barraudc.     PI.  XX.  figs.  29,  30. 

Stipe  simple,  monoprionidian,  and  coiled  up  into  a  ctmical  spin* 
which  docs  not  lie  in  one  plane,  but  is  "  trochoid ''  or  inequilateml 
in  form.  The  base  commences  by  an  obtusely  pointed  radicle.  The 
solid  axis  is  well  marked,  and  the  common  canal  is,  comparatively 
speaking,  of  considerable  breadth.  The  cellules  are  about  45  in  the 
space  of  an  incli,  triangular,  pointed,  and  curved,  their  apices  being 
somewhat  reflexed  and  provided  with  small  spines. 

G.  turrirnhitits,  Barr.  (perhaps  the  most  elegant  species  of  the 
entire  genus),  has  not  hitherto  been  detected  out  of  Bohemia :  but  I 
have  been  fortunate  enough  to  discover  several  specimens  of  it  in 
the  Coniston  Flags.  The  form  is  one  that  cannot  possibly  be  con- 
founded with  any  other  yet  described,  being  immediately  distin- 
guished by  the  helicine  curvature  of  the  stipe,  and  by  the  close-sot, 
curved,  mucronate  denticles. 

Loc,  Coniston  flags  of  Mosedale  in  Jxmg  Sleddale. 

Correlation  of  tlit  Coniston  Flags  with  foreign  deposits. 

By  way  of  conclusion  to  this  paper  it  may  be  as  well  to  make  a 
few  remarks  on  the  coiTelation  of  the  Coniston  Flags  with  the  Grap- 
tolitifcrous  rocks  of  Bohemia  and  with  the  Utica  Slates  of  America. 

According  to  Barrande,  there  are  in  Bohemia  two  sones  in  which 
Oraptolites  occur — one  (^tage  D)  at  the  summit  of  the  Lower  Sila- 
rian,  and  the  other  (eiage  E)  at  the  base  of  the  Upper  SiloriiiL 
division,  the  two  being  separated  by  a  series  of  trappean  rocks.  In 
the  former  or  lower  rone  occur  O.  priodon^  Bronn,  O,  BchfrnicHS, 
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Barr.,  O,  Roemeriy  Barr.,  and  O.  cohmts,  Barr.  In  the  upper  rone, 
besides  all  the  above,  there  occur  G,  lohiferus^  M'Coy,  G,  Nll^oni, 
Barr.,  O.  SedgwkJcii,  PortL  ( =  (7.  spiralis,  Goin.,  and  G,  proteus, 
Barr.),  Q,  turriculaius,  Barr.,  Diployrapsus  palmeus,  Barr.,  Rastrite^ 
peregrinus,  Barr.,  R,  Linncei,  Barr.,  Retiolites  Geinitzianus,  Barr., 
and  other  species.  From  the  above  lists,  even  were  there  nothing 
else  to  go  by,  we  should  be  certainly  inclined  to  believe  that  M. 
Barrande  was  in  error  in  separating  the  two  Graptolitiforous  zones,  and 
in  placing  the  higher  one  (etage  E)  at  the  base  of  the  Upper  Silurian 
series.  The  species  G.  lobiferus,  G.  Nilssoni,  and  G,  Sedgwickii,  with 
Diplograpsus  pahneus  and  the  two  species  of  Rastrites,  are  all  found 
in  the  Upper  liandeilo  rocks  of  Dumfriesshire  ;  whilst  the  genera 
Diplograpsus  and  RaMrites  have  never  been  proved,  as  yet,  to  tran- 
scend the  limits  of  Lower  Silurian  rocks.  These  facts  are  of  them- 
selves sufficient  to  render  it  highly  probable  that  etage  E  is  truly  of 
Lower  Silurian  age  ;  and  an  examination  of  the  Graptolites  of  the 
Coniston  Flags  makes  this  conclusion  almost  inevitable.  In  the 
Comston  Mags,  namely  (and  this  of  itself  is  a  singular  fact),  there 
occur  all  the  Bohemian  species  above  mentioned  as  characteristic  of 
the  upper  zone,  or  etage  E,  of  Barrande.  Some  of  these,  too,  are 
very  peculiar  and  local  in  their  distribution,  such  as  G.  Bohemicus, 
Barr.,  G,  turriculaius,  Barr.,  and  Retiolites  Geinitzianus,  Barr.  Not 
only  is  this  so,  but  these  same  species  are  found  in  the  Flags  to  be 
coexistent  with  several  familiar  Upper- Liandeilo  and  Caradoc  spe- 
cies, such  as  Clima^ograpsus  teretiu^scidus,  His.,  Diplograpsus  pristis. 
His.,  D,  angustifoUus,  Hall,  and  D.  tajnariscus,  Nich.  In  fact,  out 
of  the  twenty-four  species  of  Graptolites  from  the  Coniston  Flags,  if 
we  except  five  new  species  as  useless  for  purposes  of  classification, 
we  find  twelve  out  of  the  remaining  nineteen,  or  more  than  three - 
fifths  of  the  whole,  to  be  common  to  the  Flags  and  to  Barrandc*s 
^tage  E.  From  these  facts  we  are  justified  in  coming  to  the  con- 
clusion that  the  main  Graptolitiferous  zone  of  Bohemia  (etage  E)  is 
homotaxeous,  if  not  strictly  cotemporaneous,  with  the  Coniston  Flag« 
of  Cumberland  and  Westmoreland,  and  that  both  are  truly  of  Lower- 
Silurian  age. 

A  decided  relation,  though  not  nearly  so  marked  a  one,  can  also 
be  shown  to  exist  between  the  Coniston  Flags  and  the  Hudson-River 
group  and  Utica  Slates  of  America.  Five  species,  at  any  rate,  are 
common  to  the  two  formations,  viz.  CUmacograpsus  teretiusculus, 
Graptolites  Sagittarius,  Diplograpsus  pristis,  D,  angustifoUus,  and  />. 
ptUulus,  of  which  the  last  two  were  first  described  from  American 
specimens.  As  the  Hudson-River  group  is  of  Caradoc  age,  an  addi- 
tional corroboration  is  thus  furnished  to  the  view  that  the  Coniston 
Flags  should  be  looked  upon  as  a  portion  of  the  Caradoc  or  Bala  series. 

EXPLANATION  OF  PLATES  XIX.  &  XX. 

Platk  XIX. 

Fig.  I.  Diphgrapsfu  pcJmetts,  Bnir.,  ordinary  form,  natuml  size.     From  the 
Upper  Liandeilo  Khnles  of  Dumfriesshire. 
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Plate  XX. 

Kg.  1.  Fragment  of  Graptolites  Sedgydckii^  Portl.  ^r.  triangulatus,  Harkn.), 
natural  size,    from  the  Coniston  Flags  of  Skelgill.    An  unfortunately 
small  example  has  been  figured  here,  but  much  larger  ones  are  found 
in  the  flags. 
2.  The  same,  enlarjred. 

5.  Fragment  of  O.findmatus,  Nich.,  natural  size.  From  the  Coniston  Flags  of 

SkelgilL     This  is  a  mere  fragment,  but  its  position  should  be  reversed. 
4.  The  same,  enlarged. 

6.  Base  of  G.fimbnatu^  enlarged. 

6.  Fragment  of  G.  priodaUf  Bronn,  enlarged.    From  the  Coniston  Flags  of 

Broughton  Moor. 

7.  Another  specimen  of  G,  priodon,  exhibiting  a  somewhat  different  view. 

8.  The  same,  enlarged. 

9.  Imperfectly  preHerved  specimen  of  G.  col<muA,  Barr.,  natural  size.    From 

the  Coniston  Flags  of  Horton  in  Ribblesdale. 
IOL  Fragment  of  G,  colonus.    From  the  Coniston  Ghrits  of  Helmside,  near 
Dent. 

11.  Nearly  perfect  example  of  G.  colonus^  Barr.,  enlarged.    From  the  Lower 

LucUow  rocks  of  Bow  Bridge,  near  Ludlow. 

12.  Fragment  of  Graptolites  duartuSf  Nich.,  natural  size.    From  the  Conis- 

ton Flags  of  Mosedale. 

13.  The  same,  enlarged. 

14.  Another  specimen  of  G.  discretits,  showing  the  tapering  curved  base, 

natural  size.  Many  of  the  cellules  in  this  specmien  have  vesicles 
attached  to  their  apices, 

15.  Fragment  of  another  specimen  of  the  same,  showing  vesicidar  bodies, 

iqpparaaUy  attached  to  the  apices  of  the  cellules ;  enlarged. 
]6w  F^ragment  <h  G.  Nibaoni,  Barr.  (var.  minor ^  Nich.),  natural  size.    From 
the  Upper  Llandeilo  rocks  of  Dumfriesshire. 

1 7.  The  same,  enlarged. 

18.  Fragment  of  G.  Nilssonif  Barr.,    of  the  ordinary  form,   natural  size. 

From  the  Coniston  Flags  of  Skelgill. 

19.  The  same,  enlarged. 

20.  Fragment  of  G.  Nilssonif  Barr.  (var.  major,  Nich.),  natural  size.    From 

the  Upper  Llandeilo  rocks  of  Dumfriesshiro.  In  most  examples  of  this 
variety  the  cell-mouths  form  a  more  acute  angle  with  the  axis. 

21.  Portion  of  the  same,  enlarged. 

22.  Fragment  of  G,  Bohemicus,  Barr.,  natural  size.     From  the  Coniston 

FUgs  of  Skelgill. 

23.  The  same,  enlarged. 

24.  Base  of  the  same,  enlarged. 

25.  Fragment  of  G,  Sagittarius^  Linn.,  enlarged.    From  the  Coniston  Flags 

of  Mosedale. 

26.  Complete  specimen  of  G,  sagUiariuSy  Linn.,  in  its  young  condition, 

showing  the  distsi  prolongation  of  the  axis,  the  slender  cdrved  base, 
the  resemblance  of  me  youneest  cellules  to  those  of  G.  Nilssoni,  Barr., 
and  the  delicate  radicle ;  sli^tly  enlarged.  From  the  Upper  Llandeilo 
rocks  of  Ghurple  Unn,  near  Beattock. 

27.  Base  of  another  specimen  of  G.  samttaritts^  still  mora  extensively  deve- 

loped ;  natural  size.  FVom  the  Upper  Llandeilo  rocks  of  Frenchland 
Bum,  near  Mofikt 

28.  Specimen  of  G,  Sedgwickii,  Portl.,  coiled  into  a  spiral  the  volutions  of 

which  lie  in  one  plane  {^G.  spiralis,  Oeau) ;  enlarged.  From  the 
Upper  Uandeilo  rocks  of  Dumfriesshire. 

29.  Small  specimen  of  G,  turriculaius,  Barr.,  natural  size.    From  the  Conis- 

ton flags  of  Mosedale. 

30.  The  same,  enlarged. 

31.  Fragment  of  G.  ttnuis,  Portl.  (?),  enlarged.    From  the  Upper  Llandeilo 

rocks  of  Dumfriesshire. 

2p2 


traccH  of  replilia 

tion  to  the  fact  tlint  jeci. 

the  Triassic  arua  in  Englan 


17.  On  the  DiBCOVBBT  of  H 
DxTomiHiKE  and  Cohitw 
dictyum,  M'Coi,  vrith  as 
KBSTBK,  Esq.,  Ch.  Cb.,  0: 

[Communiwted  bj 
I  BBO  to  draw  attention  to 
coTery  which  haa  been  rec 
friend  lieut.  Wyatt-Edgell. 
Mt'.  Salter,  in  looking  th. 
cimen  of  Gm  supposed  Sp4 
the  Lower-Devonian  slates  c 
sagacity,  that  natnralbt  at 
in  shape  and  in  structure  to 
pariaon  with  other  specimen 
remarkable  conclusion  that 
the  cephalic  plate  of  a  Ptei 
ness  of  my  Mend  Mr.  Hem 
examining  Hr.  Wyatt-Edgell 
Professor  M'Coy'a  figures,  I 
determination — the  nacreoui 
scribed  by  Professor  Huxley, 
Heteroetracons  Cephalaspi^ 
doubt.  It  waa  obviously  de 
raapid  shonld  be  compared  n 
beds  of  the  same  age,  viz.  t 
scribed  by  Soemer  aa  a  Ce] 
were  fortnnati>lT  bM-.  *-  ->- 
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eatus,  8,  Knerii,  S.  Dunensis,  S.  Lloydii,  and  8.  rectus  are  the  species. 
It  eyidentlj  belongs  to  that  section  of  the  genus  which  contains  8, 
Dunensis,  S.LHoydii,  and  8,  rectus,  not  exhibiting  the  longitudinal  me- 
dian ridge,  nor  marked  by  the  spinous  posterior  terminations  which 
characterize  the  species  8,  Ludensis,  8,  truncatus,  and  8,  Knerii, speciea 
which  belong  to  the  Silurian  rather  than  the  DcTonian  epoch.  The 
substance  of  the  shield  is  thinner  in  the  Devon  and  Cornish  specimens, 
in  proportion  to  the  large  size  of  the  shield,  than  in  other  Heteros- 
tracous  Cephalaspids ;  the  surfiEu^e-ridges  are  exceedingly  fine,  about 
150  to  the  inch,  indicating  in  this  respect,  again,  affinity  with  8, 
Hoydii  rather  than  with  the  older  species,  which  have  coarse  ridges. 
Specimens  in  the  Museum  of  Practical  Geology  indicate  a  shield 
of  double  the  size  of  Mr.  Wyatt-EdgeU's — that  is,  more  than  a  foot 
in  length. 

On  careful  comparison  with  Roemer's  8,  Dunensis,  I  see  no 
reason  for  separating  the  two  specifically.  Mr.  Wyatt-EdgeU's 
specimen  agrees  completely  with  that  species  in  size  and  in  con- 
tour, also  in  the  size  of  the  cavities  of  the  middle  layer  of  the 
shield-substance,  and  in  the  size  of  the  surface-ridges,  though 
one  might  be  very  much  misled  on  this  matter  by  Roomer's  figure 
in  the  *  Palaeontographica,'  vol.  iv.  tab.  xiii.  Since  M* Coy's  specific 
name  Comuhicum  bears  date  1851  (Ann.  &  Mag.  Nat.  Hist.  2nd 
ser.  vol.  viii.),  whilst  Roomer's  name  Dunensis  is  as  late  as  1855, 
the  latter  will  have  to  give  place  to  the  former,  and  the  fish  head- 
plates  from  the  Lower  Devonian  rocks  of  the  Eifel  and  of  Devon- 
shire and  Cornwall  must  be  known  as  Scaphaspis  Comuhicus, 

From  an  examination  of  Prof.  M'Coy's  figures  and  of  a  speci- 
men in  the  Museum  of  Practical  Geology  I  have  little  doubt  that  the 
Steganodictyum  Carteri,  which  has  a  tuberculate  ornamentation,  in- 
dicates a  fish  allied  to  the  genus  Cephahspis — that  is  to  say,  belong- 
ing to  my  section  Osteostraci  of  Cephalaspidian  Fishes.  (See 
Monogr.  of  Old  Red  Fishes,  Palo^ontographical  Society,  1868.)  It 
is  to  be  hoped  that  specimens  showing  the  form  of  the  head-shield 
may  soon  be  discovered*. 

I  will  not  venture  to  remark  upon  the  important  bearing  which 
the  discovery  of  these  fish-remains  must  have  on  the  recently  dis- 
puted age  of  the  strata  in  which  they  occur.  Mr.  Etheridge  and 
Dr.  HoU  have  already  hastened  to  apply  the  evidence  which  is  thus 
fumiahed ;  and  to  their  papers  I  must  refer. 

*  Mr.  FeneeUy,  I  am  informed,  has  long  had  specimens  of  8c.  Comubietn, 
which  he,  at  the  suggeotion  of  the  Rev.  W.  S.  Symonds,  submitted  to  Professor 
Huxley,  who  at  once  pronounced  them  to  be  tbe  remains  of  Pteraspidian  fish 
(preriously  to  Mr.  Salter's  determination).  Mr.  Pengelly  will  no  doubt  soon 
ODtain  better  specimens  of  both  the  Devonshire  fishes.  The  merit  of  first  recog- 
nising the  fish-nature  of  these  remains  belongs  to  Mr.  Peach,  who  more  than 
twen^  years  since  wrote  of  them  as  such. 


formerly  called  tho  5 
Quadorantidstcin  cut  i 
ravines  and  deep  and 
precipitous  hiUs,  most! 
picturesque    and    pecu 
zerland.    At  Pirna,  on 
460  feet  above  the  sea 
it  gradually  increasea  ii 
reaches  860  feet  above 
plateau,  irregularly  red 
from  east  to  west,  and  £ 
a  mean  elevation  of  abo 
south-east  to  north-wet 
to  PillnitB.     Above  the 
of  isolated,  picturesque, . 
gradually  &om  &orttk-we 
general  inclination    of  t 
what  straight  and  paralle 
the  river's  conno  which  i 
(near  the  Lai^r  Wint«rti 

This  sandstone  region 
to  the  N.N.E.,  along  an 
Hermsdorf,  Hohnstein,  i 
about  five  miles  north  o 
schist  and  gneiss  of  tho  £ 
Teresa  eastwards,  consistf 
fiuling  abruptly  on  the 
gebii^.  To  the  east  1 
whilst  patches  also  occur  ) 

The  Quader  and  its  fi 
German  geologists,  as  wt 
former,  comes  out  in  the 
the  Quader  and  Planer  t 
tft  do™  ~  *■-:  • 
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river,  and  on  its  left  bank,  the  granite  appears  at  50  or  60  feet  above 
the  river,  with  the  Quader  lying  horizontally  upon  it ;  and  as  this  is 
one  of  the  highest  points  in  the  region,  and  apparently  free  from  up- 
heaval, 1400  or  1500  feet  may  be  considered  the  maximum  thickness 
of  the  Quader,  though  it  was  probably  much  thicker  originally. 

There  are  some  marked  geological  peculiarities  in  this  Saxon  Swit- 
zerland, which  are  briefly  described  in  the  following  pages. 

1.  TTie  abrupt  and  significant  variations  of  surface-altitude,  without 
any  corresponding  inclination  or  dislocation  of  the  strata. — The  entire 
r^on  lying  to  Uie  northward  of  a  line  drawn  between  Pirna  and 
the  Larger  Winterberg  is  made  up  of  strata  which,  except  ia  two  or 
three  localities  of  but  small  extent,  are  horizontal  up  to  the  tops  of 
the  highest  hills,  some  of  which  reach  to  1300  feet  above  the  surface 
of  the  Elbe.  The  only  places,  worth  mentioning,  where  this  slight 
deviation  from  the  general  horizon  tali  ty  is  found  are : — (1)  in  the 
bends  of  the  river  round  the  Lilienstein  *,  where  the  strata  dip  to 
the  north-east  at  an  angle  of  about  1°  11' ;  and  (2)  in  the  valley  of 
the  Kimitsch,  about  five  miles  east  of  the  former  place,  and  two 
miles  E.N.E.  of  the  town  of  Schandau ;  here  the  fall  is  to  the  S.S.E. 
at  an  angle  of  about  15°.  This  place  is  close  to  the  edge  of  the 
Lusatian  granite,  which  here  reaches  its  furthest  limit  southward, 
the  border-line  of  the  sandstone  running  from  this  spot  nearly  due 
east  as  far  as  the  confines  of  Bohemia  on  the  one  hand,  and  about 
north-west  to  Saxon  Dittersbach  on  the  other,  thus  forming  the  two 
sides  of  a  very  obtuse  angle,  the  blunted  apex  of  which  is  separated 
from  the  main  body  of  the  granite  by  the  Kirnitsch,  a  small 
stream,  which  runs  through  it,  cutting  off  a  strip  of  about  a  mile 
long  and  not  more  than  200  or  300  yards  wide.  The  sandstone 
and  g^ranite  rise  here  in  close  contact  until  they  both  reach  the 
height  of  about  940  feet  above  the  sea,  and  520  above  the  valley. 

This  rather  significant  inclination  of  the  strata  extends  to  but  a 
few  hundred  yards  from  the  edge  of  the  granite,  and  would  seem  to 
have  been  occasioned  by  pressure  of  that  rock  against  the  edges  of 
the  sandstone  beds,  crushing  back,  as  it  wore,  the  lower  strata,  and 
causing  them  to  lift  up  those  above. 

Witi^  these  two  exceptions,  the  strata  are  horizontal,  or  very 
nearly  so,  throughout  the  whole  of  the  region  to  the  north  of  the 
Hne  above  mentioned.  In  passing,  however,  to  the  south  of  that  line 
we  find  them  necirly  everywhere  to  be  slightly  and  pretty  regularly 
inclined,  the  dip  taking  three  general  directions  as  follows : — 

1.  In  the  western  portion,  lying  between  tl^e  border  south  of 
Pima  and  a  line  from  Prossen  on  the  Elbe,  through  the  Sattel- 
berg,  the  dip  is  about  north-east,  and  the  angle  between  1^  and  2°. 

2.  In  the  portion  between  the  last-mentioned  line  and  one  drawn 
from  Schandau  due  south,  the  dip  is  about  N.N.W.,  as  may  be  best 
seen  in  the  Biela  valley  between  the  Schneebcrg  and  the  town  of 
Eonigstein,  the  angle  varying  between  1°  and  2°. 

*  The  river  runs  here  in  directions  nearly  at  rieht  angles  to  the  general 
line  of  its  course  between  the  Larger  Winterberg  and  Pima,  crossing  the  line 
mentioned  »boTe,  and  entering  the  region  of  inclmed  strata. 


roukM  nbovu  the  gwitTul  1 
ini;liiirttioii  of  thi'  strata  ; 
dislotiiliou;  for  iu  the  Klb 
of  tlioso  omiueucts,  and  whi 
by  natural  causes  or  by  qua 
to  the  extent  of  a  fi^w  inchc 
quaniea  trader  the  lilieiut* 
also  in  the  cliffs  which  form 
villages  of  Schmitka  and  Hi 
foot  of  the  Larger  Wint«i 
Bouth-east. 

The  general  appearance  of 
dicale  their  having  been  sub 
whose  relative  level  has  not  \ 
long  Bucceesion  of  ages  subset 
which  time  the  whole  region  . 
level ;  for  in  whatever  part  tl 
face  of  the  plateau,  and  from  i 
they  offer  a  remarkable  pecuh 
the  general  profile,  an  equally  r 

They  may  be  best  described 
nous  sections  and  diameters,  at 
pyramidal  bases  of  correspont 
thereabout,  the  whole  thus  ret 
above  the  plateau  at  their  feet, 
which  some  of  the  small  islant 
pected  to  represent,  were  the  st 
285  feet. 

That  this  peculiarity  of  form 
waves  and  currents  of  a  sea  wb 
with  the  top  of  the  Roping  bases 
— first,  &om  the  iact  that  these 
loose  blocks  and  detritus,  whid 
owed  their  rtrio^-  ♦-  *<-    •  "■ 
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rocks  above  mentioned,  but  at  absolute  altitudes  corresponding  with 
their  positions  on  the  plateau. 

According  to  this  hypothesis,  this  part  of  the  earth's  crust  must 
have  undergone  a  continuous  and  gradual  upheaval  subsequent  to 
the  deposition  of  the  Quader,  until  it  reached  an  altitude  of  about 
1420  feet  below  its  present  mean  level ;  and  after  standing  at  this 
point  for  a  long  time,  another,  and  probably  the  last,  upheaval 
commenced ;  and  this  has  lifted  the  south-east  end  of  the  plateau 
about  2020  feet,  and  the  north-west  830  feet  higher  than  they 
stood  during  the  period  of  quiet  which  preceded  this  last  upward 
movement. 

Sectian  illustrating  the  last  upheaval  of  the  Plateau  of 

Saxon  Switzerland. 

a.W.  8.B. 

Bi&reiiBteiii.  Schneeberg. 


Thus  in  the  annexed  section,  a  would  represent  the  relative  levels 
of  sea  and  land  during  the  period  in  which  the  upper  parts  of  the 
rocks  received  their  present  forms,  and  b  the  relative  levels  at  the 
present  day,  of  the  north-west  and  south-east  extremities  of  the 
plateau,  the  space  between  the  two  being  the  amount  of  upheaval. 

All  along  the  southern  border-line,  from  Tyssa  to  beyond  Tetschen, 
a  distance  of  about  eight  geographical  miles,  but  more  especially  to- 
wards its  eastern  end,  we  meet  with  unmistakeable  evidences  of  a 
sudden  break  off  and  fall  of  that  portion  which  must  at  some  period 
have  existed  to  the  south  of  this  line.  The  sandstone  rises  here 
some  hundreds  of  feet  above  the  level  of  the  country,  which  borders 
it  inunediately  to  the  south  in  a  succession  of  precipitous  shelves, 
with  slopes  of  debris  at  their  base.  In  these  shelves  the  strata  dip 
to  the  south-east,  a  direction  directly  opposite  to  that  of  the  incli- 
nation of  those  lying  to  the  north  of  the  Une  of  fracture.  The  angle 
towards  the  western  end  of  the  line  is  about  5^;  a  mile  or  two  fur- 
ther to  the  east  it  increases  to  from  10°  to  20° ;  and  between  Bunan- 
berg  and  Tetschen  we  meet  cliffs  whose  strata  have  a  dip  of  from  25^ 
to  30°,  all  falling  in  the  same  direction,  towards  the  basaltic  regions 
of  Bohemia.  The  Schaferwand,  an  enormous  rock  on  the  left  bank 
of  the  Elbe  opposite  Tetschen,  is  a  good  specimen  of  the  whole  line : 
this  rock,  through  which  a  railway-tunnel  is  driven,  is  about  280 
feet  high  above  the  valley,  and  staiids  separated  from  the  main  re- 
gion of  sandstone  to  the  north  by  a  deep  ravine.  The  strata,  which 
are  well  seen  on  its  eastern  face,  dip  to  the  south-east  at  an  angle 
of  from  26°  to  30°. 

It  would  thus  appear  that  the  whole  of  that  part  of  the  Quader 
formation  which  at  the  time  of  its  deposition  reached  beyond  this 
point  to  the  southward,  must  have  been  separated  from  the  northern 
{lortion  by  an  enormous  fracture  of  the  earth's  crust,  subsequently 
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filled  np  bf  the  Tertiary  deposits  of  the  Uittel^birge  region  ;  oi 
northern  portion  may  have  been  lifted  bodily  and  slowly  away  1 
that  lying  to  the  south  of  this  line,  the  latter  remaining  at  a  o 
parativoly  great  depth,  and  becoming  covered  by  the  more  rei 
funnations.  fie  it  an  it  may,  no  member  of  the  Quader  gronp  co 
to  the  aurfaco  again  until  wo  reach  the  neighbourhood  of  Leitnita 
0  distanco  of  bi-twccn  thirty  and  forty  miles  Author  south. 

2,  llemarkaUe  reijidarilif  of  tlif.  lineg  of  parting,  etpteicdly 
rnjardt  their  horizonUtl  dimlion. — Wherever  the  ro«k  is  expoaei 
view,  cither  as  forming  the  precipitous  aides  of  the  connlless  : 
bcautiiiil  ravines  whii:h  intersect  the  plateau  in  every  part,  and  tl 
of  the  craggy  eminences  which  stud  its  aniface,  or  in  the  qnar 
situated  along  the  bantu  of  the  Elbe  and  elsewhere,  it  is  c 
to  be  divided  by  fissures  running  more  or  leas  vertically  through 
the  atrata,  and  crossing  each  other  very  nearly  at  a  rig^ht  angle,  hw 
ever  deviating  more  than  15°  from  that  angle  at  the  point  of  inl 
section. 

Where  the  clefts  toward  the  top  have  been  widened  and  rende 
conspicuoua  by  the  action  of  water  and  weather,  many  of  these  expo 
parte  bear  no  very  distant  resemblance  to  old  walls  of  masoi 
crowned  here  and  there  by  square  towers  and  pinnacles  more  or '. 
worn  and  disfigured  by  time.  Some  of  these  tower-like  blocks 
quit«  detached  from  the  main  rock,  and  rise  layer  above  layei 
a  height  of  200  feet  or  more,  with  cddes  so  Sat  and  smootK  i 
comers  ao  sharp  and  square,  as  ulmost  to  bear  compiiriMii  with 
ruder  specimens  of  columnar  basalt.  The  distances  between  the 
Bures  may  vary  &om  a  few  inches  to  many  feet.  Those  which 
but  a  short  distance  apart  offer  sometimes  a  vory  remarkable  i 
prooch  to  parallelism*.     Slabs  of  about  4  inches  tluck  by  8  feet  I 

*  This  peculiar  digpoeition  of  (he  Iin«e  of  parting,  wbidi  cauies  the  rad 
break  up  int«  nearl;  rectangular  blocks,  bu  gireu  to  it  its  Qennan  nan 
"  Quader,"  and  u  of  great  technical  importance  u  reguds  the  mode  of  quanj 
which  ii  Boraewhat  peciiliBr.  Gunpowder  is  rcrj  rarelj  lued.  the  oaual  mai 
ut  operating  being  to  undermine  a  long  piece  of  the  faiw  of  the  di^  oallid 
the  quanjinen  the  "  Wand "  Or  wall,  bj  culling  out  one  of  the  lower  tt 
bsckwardB  ncarlr  as  far  as  to  the  ne it  longitudinal  Gaaure.  the  Inigtb  of  the  p 
■0  undermined  being  gmerallj  determined  b;  the  diitanc«  betwemi  two  « 
nient  lran*Ter>e  oracks.  The  whole  ■uperincumbent  maas,  in  K>mB  <>■■ 
feet  high  bj  20U  feet  long  and  lioni  30  to  40  feet  thick,  ia  thus  Ml  wid 
support,  nve  what  ia  giien  by  the  email  portion  oftha  lower  BtiMum  left  si 


towards  the  back,  and  a  number,  greater  or  lees  according  ti 

oden  prop*  plared  under  ila  fore  edge.    Tbeee  are  eian:  

le  bj'the  overlooker,  who  by  trying  them  with  a  hammer  beooroea  awaiao/ 


flnt  indintions  tbe undermined  rock  maj  give  of  linking;  the  top  ofttwdil 

also  eiamined  from  tiioo  tr  "^ —      uri—  ii ;-  — .  •, —  i >  - 

■igna  of  falling  before  the  p: 
tbe  propi  are  out  o  '  ' 

large,  and,  being  b<         .. .  .  .      ^  . 

beyond  the  line  of  it«  centre  of  graTitj,  it  gire*  but  short  warning,  M<|liii| 
pidlj  on  to  the  props,  and  would  gire  no  time  for  tlie  workmen  to  get  od 
the  war,  were  thej  to  attempt  to  out  tbeae  out  in  tbe  oaual  maoner;  is* 
caaea  Uiej  are  pierced  with  auger-holes  and  blasted  out  linaltBneoualj,  >l 
tbe  enormoas  maas  leans  fonrud  and  comes  to  tbe  ground  with  ■  ■— »A  I 


junined  from  time  to  time.  When  the  mass  is  not  too  lai^ge,  and  ■ 
if  falling  before  the  process  of  undermining  has  been  carried  verj&rS 
3pi  ore  out  out  by  (he  axe ;  but  if  the  piece  to  be  brought  down  be  i 
md,  being  bound  St  the  ends,  requires  lobe  cut  under  to  a  distanoBBl 
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and  6  feet  broad  occur  almost  as  flat  and  equal  in  faces  as  dressed 
blocks. 

The  general  direction  of  the  two  main  lines  of  parting  is  about 
N.N.W.  to  S.8. E.,  and  W.N.W.  to  E.8.E.  The  deviations  from  these 
(which  may  be  called  regular)  lines  do  not  exceed,  save  in  rare  in- 
stances, 15^  or  20^  on  either  side,  except  in  localities  where  the  rock 
appears  to  have  been  subjected  to  the  influence  of  agencies  entirely 
unconnected  with  and  different  from  those  which  originated  tho 
fissures  or  determined  their  directions*. 

3.  Hie  remarkable  phenomena  observable  along  the  line  of  sepa^ 
ration  between  the  Quader  and  the  Lusatian  Granite,  bordering  it  to 
the  northward. — The  relative  positions  of  the  Quader  and  associated 
strata  and  of  the  syenite  or  granitic  rocks  along  this  line  have  been 
closely  observed  and  described  by  several  geologists  of  high  repute, 
and  have  given  rise  to  several  hypotheses  to  account  for  the  origin  and 
movements  of  the  several  rock  masses. 

Weiss  gave  it  as  his  opinion  that  the  granite  and  syenite  in  a 
hardened  state,  together  with  the  calcareous  strata  of  Holstein, 
were  by  subterranean  action  forced  upwards  and  sideways  on  to  the 
sandstone. 

Klipstein  inclined  to  the  theory  that  the  granite  was  in  its  present 
condition  and  relative  position  before  the  Cretaceous  period,  and  that 
the  Quader  was  consequently  deposited  against,  or  imder,  the  cliffis 
which  constituted  its  southern  border. 

Gumprecht  considered  the  granite  and  syenite  of  this  region  to  be 
coeval  formations  with  the  Quader ;  that  is  to  say,  that  the  Lusatian 
granite  is  a  newer  formation  than  the  syenite  of  the  left  bank  of 
the  Elbe,  and  that,  if  it  be  of  plutonic  origin,  it  broke  through 
a  long  rent  in  the  older  rocks  a  Uttle  to  the  north  of  the  Quader 
border,  which  at  that  period  formed  the  south  shore  of  the  channel 
of  drainage  of  the  Bohemian  Basin.  The  newly  ejected  granite, 
running  up  to,  and  in  some  parts  over,  the  sandstone,  dammed  up 
that  channel  and  converted  the  country  lying  to  the  south-east  into 
an  inland  sea,  whose  level  rising  over  the  new  dam  and  sandstone 
already  deposited  caused  new  deposits  of  the  latter.  In  this  man- 
ner the  origin  of  those  isolated  portions  of  Quader  found  here  and 
there  outlying  tiie  main  region  to  the  west  and  north-west  may, 
he  thinks,  be  accounted  for  as  being  portions  of  this  second  deposi- 
tion, on  parts  of  the  granite  lying  at  that  period  below  the  level  of 
the  pent-up  waters. 

Cotta  apP^ATS  to  have  been  of  opinion  that  the  Quader  of  the  8axon 

Switzerland  extended  originally  much  further  to  the  north,  covering 

the  irranite,  which  at  that  period  lay  at  one  general  level — and  that 

that  mriion  of  the  latter  rock  which  now  forms  the  Lusatian  hills 

and  fZ  rest  of  the  region  to  the  northward  of  the  border-line,  with 

r.        iC^nir  sandstone,  was  uplifted  at  least  a  thousand  feet,  leavmg 

^^  overlying^^^^^  of  the  line  unmoved.     The  sandstone,  thus 

ttie  part  to   w*     ^^^  ^^^^  ^^  ^^^^^  would,  in  the  common  nature 

flevered  froni  anu      ^actured,  and  rendered  exceedingly  vulnerable 

of  things,  W  "^^^.-ostiflche  Ski»en  aus  der  SaohsiBchen  Schweiz,'  1858. 
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few  places  have  overhung  their  base  at  least  900  feet — a  state  of 
things  which  the  mind  can  hardly  conceive  to  have  been  possible. 
There  is,  besides,  the  fatal  objection  to  this  theory,  that  it  ignores 
altogether  the  existence  of  the  Jurassic  conglomerate  and  fossils  at 
Hohnstein. 

The  hypothesis  of  Gumprecht  has  been  disproved  by  the  fact  of 
fragments  of  granite,  corresponding  in  every  respect  with  the  over- 
lying mass,  having  been  found  imbedded  in  the  conglomerate,  thus 
setting  completely  at  rest  the  question  as  to  the  comparative  ages  of 
the  different  rocks  found  at  Hohnstein. 

It  will  therefore,  perhaps,  be  readily  admitted  that  the  phenomena 
observed  along  the  line  which  separates  the  two  formations  indicate 
beyond  a  doubt  that  an  upward  and  lateral  movement  of  the  granite 
all  along  that  line*  has  taken  place,  in  accordance  with  Cotta's 
theory ;  but  so  extensive  a  lateral  movement  of  the  granite  against 
and  over  a  mass  of  stratified  hard  rock,  of  more  than  a  thousand 
feet  thick,  could  hardly  have  taken  place  without  bending  or  crush- 
ing the  strata  to  a  considerable  distance  from  the  line  of  contact ; 
while  the  fact  is  that,  at  Hohnstein  and  other  places  along  the  border 
where  the  Quader  is  laid  open  to  observation,  the  strata  are  found 
to  be  but  little  disturbed,  and  are  generally  horizontal  to  within  a 
few  feet  of  the  granite. 

If,  instead  of  supposing,  with  Cotta,  the  sandstone  to  have  been 
deposited  and  converted  into  rock  before  the  disturbance  to  which 
the  elevation  of  the  Lusatian  granite  is  due,  we  admit  that  the 
elevation  of  the  latter  rock  commenced  before,  and  continued  during, 
the  deposition  of  the  former,  and  that  the  induration  of  the  sandy 
deposit  was  not  completed  until  the  granite  had  attained  to  nearly  its 
present  relative  elevation  and  position,  then  all  the  greater  difficulties 
of  the  case  disappear. 

Whatever  disturbance  may  have  taken  place  in  the  mass  of  soft 
sand  in  close  proximity  to  the  granite,  the  consequences  of  that  dis- 
turbance would  not  communicate  themselves  to  any  distance  through 
it,  nor  influence,  save  in  a  very  slight  degree,  the  regularity  of 
deposition  of  the  upper  strata ;  for  the  lateral  movement  being  ex- 
ceedingly slow,  the  quantity  of  sand  displaced  during  a  given  period 
by  that  movement  would  be  infinitely  small,  as  compared  with  the 
duration  of  that  period. 

At  the  same  tune  we  should  not  be  justified  in  asserting  that  no 
alteration  whatever  would  take  place  in  the  character  and  appear- 
ance of  the  rock  in  consequence  of  this  disturbance;  for  the  par- 
ticles of  sand  displaced  immediately  by  the  intruding  granite  would 
displace  others,  and  so  on  to  a  certain  distance,  forcing  them  into 
closer  contact  throughout  that  distance,  and  driving  the  clayey 
matter  from  between  the  layers  into  the  mass.  The  rock  in  these 
localities  would  thus  be  rendered  more  compact  and  the  lines  of 
stratification  less  evident. 

*  This  line  marks  one  of  the  most  extensive  fissures,  in  one  direction,  known, 
it  being  traceable  from  Oberon,  near  Meissen,  to  Glatx,  in  Silesia,  a  distance, 
nearly  ea^t  and  went,  of  more  than  150  statute  miles. 
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tho  surface  in  many  parts  of  that  region,  it  is  nowhere  to  be 
with  in  the  ravines  or  valleys,  or  even  in  the  lower  parts  o 
valleys,  but  either  at  or  near  Uie  top  of  the  rocky  heights,  thus  j 
far  toward  proving,  first,  that  the  deposit  reached  originally  a  h 
throughout  equal  at  least  to  that  of  the  highest  of  these  at  the  pr 
Mj|:i  day,  and,  secondly,  that  these  isolated  eminences  owe  their 

tively  superior  elevation  indirectly  to  the  indurating  influence  o 
igneous  rock,  which  rendered  these  parts  more  invulnerable  U 
action  of  the  denuding  forces  which  swept  away  the  softer  per 
around  them. 
\  The  following  are  among  the  most  remarkahle  places  when 

basalt  comes  to  the  surface  : — 

1.  The  Schneeberg,  2200  feet;  the  volcanic  rock  protrudes  at 
sides  of  the  rocky  crest  of  this  mountain,  at  a  height  of  1817  fe 

2.  The  Larger  Zschimstein,  1720  feet;  blocks   of  doleritc 
found  at  the  very  top  of  this  mountain,  coming  through  the  Qw 

3.  The  Larger  Winterberg,  sandstone  up  to  1550  feet,  surrou 
by  a  basaltic  crest  reaching  to  1716  feet;  fragments  of  granite 
been  foimd  imbedded  in  the  basalt  of  this  place. 

4.  The  Lesser  Winterberg,  1520  feet. 
6.  The  llosonbcrg,  sandstone  up  to  1550  feet,  crowned  by  a  ] 

of  basalt  1910  feet.     (The  measures  are  all  in  French  feet) 

The  strata  are  quite  horizontal  and  undisturbed  up  to  witli 
very  short  distance  of  the  igneous  rock — a  fact  which  would  seei 
favour  the  hypothesis  that  tiiie  eruption  of  the  latter  must  have  U 
place  prior  to  tho  complete  induration  of  the  sandstone.  Ano 
circumstance  seems  also  to  favour  this  view ;  and  that  is,  that 
hues  of  fissure  which  extend  throughout  the  r^on  generally 
not  found  to  run  up  to  the  basalt,  the  Quader  in  its  vicinity  lo 
I  tho  tendency  to  break  up  into  cubical  blocks,  and  offering  a  frac 

I  more  similar  to  that  of  granite. 

A  remarkable  peculiarit}'  in  the  sandstone  occurs  at  the  eas 
foot  of  the  Gorischstein.  Here  the  basalt  comes  to  the  surface 
height  of  about  1230  feet,  and  is  quarried  for  road-making ;  ii 
immediate  vicinity  the  sandstone  is  found  in  small  regular  prisn 
blocks,  fromi  ^  inch  up  to  2  inches  in  diameter,  with  four  or  five  a 
and  about  6  or  8  inches  long ;  at  the  distance  of  100  yaids 
main  rock  offers  no  signs  of  having  been  disturbed,  or  subjects 
the  action  of  heat. 
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them,  as  it  were,  and  the  only  result  of  its  moTement  would  he  to 
grind  the  feuies  of  the  rocks  and  any  hody  which  might  have  found 
its  way  hetween  them.  The  elevation  of  the  Jurassic  fragments  at 
Hohnstein,  and  at  the  one  or  two  other  places  where  they  are  met 
with,  is  most  prohahly  due  to  a  configuration  of  the  face  of  the 
granite  at  those  parts  favourahle  to  such  a  result.  The  phenomena 
presented  are  such  as  might  he  expected  under  the  circumstances : 
we  have  immediately  below  the  granite  a  hed  of  clay  resulting  from 
the  attrition  and  decomposition  of  that  rock,  then  a  mass  of  Jurassic 
conglomerate,  and  below  this,  and  next  the  Quader,  a  thicker  bed  of 
sandstone-conglomerate  resulting  from  the  grinding  off  of  the  ends 
of  the  strata  of  that  rock. 

This  extensive  deposit  of  sandstone  may,  I  think,  be  referred  to 
the  agency  of  a  strong  under-current,  running  from  north  to  south, 
through  an  arm  of  the  sea,  which  must  have  existed  at  this  place 
during  the  Cretaceous  period.  This  current,  sweeping  over  the 
range  of  submarine  hills  which  extended  in  an  east  and  west  direc- 
tion for  about  140  miles,  rising  gradually  from  the  north  and  ter- 
minating in  a  precipitous  fEice  to  the  south,  through  the  whole  of  that 
distance  would  bring  with  it  the  detritus  brought  down  by  the 
melting  of  glaciers  and  snow  in  the  higher  latitudes,  and  by  rivers 
along  the  shores.  This  detritus  would  be  naturally  deposited  in 
the  dead  water  which  would  lie  to  the  southward  of  the  ledge ;  and 
this  deposit  would  stretch  further  and  further  south  as  the  granite 
wall  rose  higher  and  higher,  until  the  new  relations  between  land 
and  sea,  brought  about  by  the  subsequent  geological  revolutions, 
had  forced  the  waters  to  find  some  other  channel. 

4.  The  conditions  under  which  the  Basalt  is  met  with, — The 
Erzgebirge  chain,  of  which  the  Saxon  Switzerland  may  be  regarded 
as  a  prolongation,  seems  to  owe  its  present  elevation  to  a  succession 
of  upheavals  of  the  granite,  gneiss,  and  schists  lying  to  the  north  of 
a  long  fracture  running  in  an  E.N.E.  direction  from  the  Eichtelge- 
birge  to  beyond  the  Elbe  at  Tetschen,  in  Bohemia,  and  probably 
joining  the  one  treated  of  in  the  foregoing  section,  under  a  very  acute 
sngle  at  some  point  E.N.E.  from  that  place. 

ftising  with  an  easy  slope  from  the  north-west  to  a  height  in  some 
parts  of  about  3000  feet,  it  falls  suddenly  to  the  south-east,  along 
its  whole  length,  leaving  a  well-defined  ridge  threughout.  An  idesl 
section  of  the  chain  is  given  in  Cotta's  *  Deutschland's  Boden.' 

The  eruption  of  the  basalt  must  have  taken  place  at  a  compara- 
tively recent  period,  as  it  has  not  only  broken  through  the  granite 
and  schists  of  the  main  portions  of  the  chain,  but  also  through  the 
sandstone  of  the  Saxon  Switzerland,  which  forms  its  north-eastern 
extremity* ;  and  it  is  a  significant  fact  that,  although  it  comes  to 

*  The  summits  of  four  of  the  most  elevated  points  in  the  Erzgebirge  are 
baaalfc— namely,  Erbner  Hohe,  3172  feet  (French),  Barenstein,  2740  feet,  Pohl- 
berg,  2548  feet,  and  the  Scheibenberg,  2443  feet ;  between  the  basalt  and  the 
primary  rocks  at  each  of  these  places  there  occur,  according  to  GKitbier,  layers 
of  TertiaiT  clay  and  gravel.  This  would  bring  the  period  of  the  last  eeneral 
upheaval  in  this  region  down  to  a  time  at  least  as  recent  as  the  breaking  through 
of  the  boaolt. 
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2q2 


A.  (icikie.— Denudatiiin  now  iu  progress,  249, 
£.  Hut  Lankester. — fiuAblk  Bone-bed  and  Blac 

SO-1. 
II.  W'fKidward. — Contributions   to   British    Fa 

(pUte). 
1).  ('.  Iliiviia.— IVposilnofrUosphato  of  I.inie  i 
II.  I^iinard.— Kilrliuu  Middeo  tm  Omev  Islnud, 
C.  J.  A.  SluijiT.— Xolee  on  Crelactsius  Brachioj 
II.  Keepiiifr.^Oault  \ritb  Phoapbatic  Strata  at 
Lwivcns  'Lrtkia  mirabilu,'  noticed,  184. 
NewU'rry'B  '  Dintcklhyt  Ilertseri  from  the  Devi 

rips,'  noticed,  184. 
Kewb«rrj''B  'New  Ke^tiles  and  Fishes  from  tl 

North  America,'  noticed,  18(!. 
Favre's  '  (Jeological   Kewarehrs  in  the  Vicinil 

n'vicwed  by  Sir  11.  1.  Mun-hioon,  18". 
FotU'h's  '  ISeaearches  in  Hritish  Mincraloey,'  no 
Ileinhart's  '  tione-caTex  of  Ilrazil,'  noticed,  227. 
C'tnais's  '  licsearchee  in  the  Cave-fauna  of  Frn: 
Ileer's  '  Miocene  Flora  of  llie  Tolar  llegions,'  nr 
Witchell's  'Denudation  of  the  Cottcswolde,"  not 
IjiTlet  and  Cbristv's  'iteliquiaj  Aquitanicje,'  no 
Proceedintrs  of  Swicties,  Ifla,  233,  28C. 
Correspoudunce,  107,  242,  294. 

Geological  and  Natural -History  Repertory.     Noi 
Juno  180^1. 

S.  J.  Mackic.— Cretaceous  f^trata  at  Calais,  122. 
Hume. — Formation  of  I'eat-moflfi,  12^. 
Eisner. — KxpcrimentH  on  Hock  Mateiialo,  124. 

B.  J.  Mackie.— llint  Implement  from  WiUesden 
T.  McK.  Iliwhes,— l-lint  Iniplemeiifs,  12a 
Falconer's  '  I'alfeouljilopeHl  Menioini,'  noticed,  1 
Proceedinire  of  Scientific  Societies,  07,  107,  100, 
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Geological  Survey  of  India.  Palaeontolog^a  Indica,  being  figures  and 
descriptions  of  the  Organic  Remains  procured  during  the  progress 
of  the  Geological  Survey  of  India.  Vols,  i.-iv.  Gasteropoda  of  the 
Cretaceous  Rocks  of  Southern  India,  by  Dr.  F.  Stoliczka. 

Geological  Survey  of  New  Zealand.  Abstract  Report  on  the  Progress 
of  the  Survey  during  18(36-67. 

Glasgow  Geological  Society.     Vol.  i.  Part  1.     1868. 
J.  Young. — Geology  of  the  Campsie  district. 

Havre  International  Exhibition.     Rules.     1868. 

Institute  of  Actuaries.     Journal.     Vol.  xiv.  Part  3.     April  1868. 

Journal  of  Travel  and  Natural  History.     Vol.  i.     No.  2.     1868. 
Age  of  Kitchen-Middons  of  Cape  Ilonlopen,  U.S.,  136. 

Linnean  Society.     Journal.     Vol.  x.     No.  41.  Zoology. 

.     .     Vol.  X.     Nos.  45-47.  Botany.     1868. 

Iiiverpool  Geological  Society.     Abstracts  of  Proceedings.     1867-68. 

R.  A.  Eskrigge. — Inaugural  Address,  3. 

H.  F.  Hall. — Geology  of  the  District  of  Creuddyn,  34. 

C.  Ricketts. — Succession  of  Strata  in  the  Church  Stretton  District,  49. 

G.  H.  Morton. — Fault  in  a  Granite  Quarry  nt  Aberdeen,  50. 

R.  A.  Eskrigge. — Geological  Observations  on  the  Country  round 

Maentwrog,  51. 
T.  J.  ^Moore. — Mammalian  Remains  from  South  America,  50. 
C.  Ricketts. — Remarks  on  the  Upper  Silurian  Formation,  62. 
R.  Bostock. — Probable  Source  of  Ilolywell  Spring,  65. 
A.  N.  Tate. — Relation  of  Chemistry  to  Geolog}',  71. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine.  Fourth 
Series.  Nos.  237-239.  April  to  June  1868.  From  Dr.  W. 
Francis,  F.G.S.  ^r. 

J.  W.  Judd.— Speeton  Clav,  314. 

J.  Phillips.— Hessle  Drift,  315. 

Duke  of  Argyll.  —Geological  Structure  of  Argyllshire,  315. 

C.  Babbage. — Parallel  Roads  of  Glenroy,  316. 

D.  Mackintosh. — Origin  of  smoothed,  rounded,  and  hollowed  surfaces 
of  Limestone  and  Granite,  317. 

.     Apparent  oblique  lamination  in  granite,  317. 

.     Encroachment  of  the  Sea  in  the  Bristol  Channel,  317. 

T.  McK.  Hughes. — Two  plains  of  Hertfordshire  and  their  gravels, 

317. 
F.  Pisani. — Woodwardite  of  Cornwall,  320. 
J.  Croll. — Geological  Time  and  the  Probable  Date  of  the  Upper 

Miocene  Period,  36.*3. 
J.  Prestwich. — On  the  Structure  of  the  Crag-beds  of  Norfolk  and 

Suffolk,  with  some  ob  ervations  on  their  Organic  Remains.    Part  I. 

Coralline  Crag,  398. 
C.  V.  Zenger. — Periodic  change  of  Chmate  caused  by  the  Moon,  433, 


J.  rinnt.— Ulociai  Grooril 
H.  A  .lisk^i^-^r,^_C^eolnL^, 
J.Aikin.-Drift-frravdoui 
i  v.'!'".''— ^t«"^  "-'<e  from 
B.  ChriBty.-Cavea  on  the 
J.  Aitken.— Flint  pebble  ir 

Medical  ProBs  and  Circulor. 

Melbonmo.     Beporta  of  tin 

Qaarter  ending  31st  Deconj 

-— -.     Royal  Society  of  Vicf 

Vol.  Tui.  Part  2.     1868. 

H.  A.  ThompBon.— Mineral 

J.  Haaat.— Notea  on  Rev.  J 

Epoch  of  Australia,"  27a 

J.  L.  Newbeny.-.Mineial  W 

Mining  Gazette.     Vol.  i.     No, 

^'im      ^""^*"  ■*«  ■*  SoeWt 

Mnrach.    Sitzungaberichte  der 
Wisaenachaften  zu  Miinehen. 

^"J^-^,^"**'   die  tjpiflch. 

Mineialoifie,  563 

GiimbeL-tJeberdiogeognoit 
aemer  Nachbarechaft  licb  . 
und  ilire  Beziehtingen  zu  de 

■     ■     1868.     Abth.  1. 

NtttiiraUste'  Note-Boot.     Vol.  ii 
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Palaeontographical  Society.     Vol.  xxi.,  issued  for  1867.     1868. 

E.  W.  Binney. — Flora  of  the  Carboniferous  Strata.    Part  i.  (6  plates). 
P.  M.  Duncan. — Supplement  to  the  British  Fossil  Corals.     Fart  iv. 

No.  2.  Liassic  ((y  plates). 
T.  Wright.— Fossil  Cretaceous  Echinodermata,     Vol  i.  Part  2  (14 

plates^. 
J.  Powne  and  E.  Ray  Lankester. — Fishes  of  the  Old  Red  Sandstone. 

Part  i.  (6  platen). 
W.  Boyd  Dawkins  and  W.  A.  Sanford. — Pleistocene  Mammalia. 

Part  li.  (14  plates). 

Palermo.     Giomalo  di  Scienzo  Naturali  ed  Economiche.     Vol.  iii. 
Ease.  4.     1867. 

Paris.     Annales  des  Mines.     Vol.  xii.  Livr.  4-6.     1867. 

M.  Garnier. — La  g^ologie  de  la  NouveUe-Cal^donie,  1. 

J.  de  HempeL — Description  g^ologique  des  environs  de  Eaelce,  etc., 

141. 
A.  Cornu. — Extraits  de  Min^ralogie,  425. 
Delesse  et  A.  de  Lapparent. — Extraits  de  G^ologie,  677. 

Philadelpliia.   Academy  of  Natural  Sciences.    Proceedings.   Nob.  1-3. 
1867. 

C.  M.  Wetherill. — Investigations  on  Itacolumite,  13. 
J.  Leidy. — Fossil  Ox  from  San  Francisco,  85. 
Genth. — Remarks  on  Doubtful  Minerals,  S6, 

.     .     Journal.     New  Series.     Vol.  vi.  Part  2.     1867. 

Quarterly  Journal  of  Microscopical  Science.     New  Series.     No.  30. 
April  1868. 

T.  R.  Jones. — Bivalved  Entomostraca,  Recent  and  Fossil,  35. 

Quarterly  Journal  of  Science.     No.  18.     April  1868. 

G.  Zaddach.— Amber ;  its  Origin  and  History,  as  illustrated  by  the 

Geology  of  Samland,  167  (plate). 
'  Siluria,  reviewed,  190. 
Chronicles  of  Science. 

Reports  received  from  Her  Majesty's  Secretaries  of  Embassy  and 
Legation  respecting  Coal.     1868. 

Koyal  Asiatic  Society  of  Great  Britain  and  Ireland.     Proceedings. 
New  Series.     Vol.  iii.  Part  1.     1867. 

Royal  Geographical  Society.     Anniversary  Address.     1868. 

Royal    Physical    Society    of    Edinburgh.      Proceedings.      Session 
1864-65. 

D.  Page. — Present  Aspects  of  Geological  Inquiry,  178. 

J.  Brodie. — Natural  Agencies  at  present  in  operation  to  which  the 
Phenomena  of  the  Glacial  epoch  may  be  ascribed,  238, 

D.  Page. — Notes  on  the  genus  Stylonurus,  from  the  Old  Red  Sand- 
stone of  Forfarshire,  230. 

A.  Bryson.— On  the  Rise  of  the  Shores  of  the  Forth  and  the  Clyde, 
278. 


Soyal  Sodety.     Catalogae  of  Scieatific  papers.     Vol.  i. 
Id07. 

.     Proceedings.     Vol.  xvi.     Nos.  100-102.      1S68. 

J.  /\.  Pliillips.— Chomicol  Geology  of  the  GoU-fielda  of 


Society  of  Arts.    Journal.    Vol.  xvi.    Xoa.  802-814.    Api 

Tnomanian  Mincrab,  482, 

Mineral  Btatii>tics  of  Italy,  514. 

Onld  and  Silver  in  Victoria  end  California,  528. 

The  Diggings  in  New  Zealand,  580. 

Student  and  lutcllcetual  Obseirer,    Nos.  3-5.     April  to  3 

StuttRiirt.      Wiirttembcrj^Mhc  natarwissonschaftlictie  Ja 
Jalirg.  iiiii.  Uofto  2  &  3.     1S07. 
0,  Fraas.— Geologise  lies  sua  dem  Orient,  145  (3  plates). 

.     .     Jahrg.  xxiv.  Hefto  1  &  2.     1868. 

O.  Werner.— Ueboc  den  Wcrtli  dcr  Dunuschliffe  von  Ge 
20, 

.    I'ober  dio  praphische  Daratellung  der  Geatoltun- 

tinrher  (ircnzHiiclipn,  iU  (platf). 
Von  Kurr. — Uebor  die  Vorkommnisae  Tom  Erdiil  und  C 

(iailizien,  M, 
ItcuHcl). — Uober  eine  beaondere  Gattung-  Ton  DurchgHngeE 

Hitz  und  Kalkspatli,  01  (plate). 
P.  J.  Probst.— Tertiiire  Pflanzun  von  Ilcpj^bach  bei  Kube 


Teign  Naturalists'  Field-elub.     ProeccdingB.     1867. 

Excuruon  to  Kent's  Carem,  4. 

W.  W.  Duller.— Peat  of  Dartmoor,  0. 

Vienna.     Anzeigcr  dcr  kaisnrlichen  Akademie  der  'Wissonst 
Wien.     Jahrg.  1868.     Nob.  8-14. 
Unger. — Die  fossile  Flora  von  Radoboj  in  ihrcr  OosHmn 
nnch   ihrem  Verhiiltnieae  iiir  Enlwickeluog-  der  Vege 
Tertiiiraeit,  70. 
Gottlieb. — Mineralehcmische  Untersucliuugcn,  111. 

.     Dcnkaehriften  der  kaberlichcn  Akademie  dor  Wis 

ten.     Math.-natur.  Clasao.     Vol.  xxvii,     1867. 
ReuHs. — Die  Brvozoen,  Anthoioen  iind  Spongiarien  den  bra 

von  Dalin  bei  Kraknu,  1  (4  plates). 
Unaer.^ — Die  fossile  Hora  von  Kumi  auf  der  Insel  Knbo 

plates). 
Lsube. — DieEchinodeimendasbrounen  Jura  von  Balin.    M 
aichti^ung  ihrcr  geognoatiachen  Verbreitung  in  Frsnkn 
land,  ic,  1  (2  plates). 
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Vienna.     Denkschriften  der  kaiscrlichen  Akademie  der  Wissenschaf- 
ten.     Math.-natur.  Classo.     Vol.  xxvii.     (Continued,) 

Laube.     Die  Bivalvon  des  braimen  Jura  von^Balin,  11  (5  plates). 
Peters. — Grundlinien  zur  Geographie  und  Geoloj^ie  der  Dobrudsclia. 
I.  Geographischer  Theil,  8^3  (2  plates). 


II.  Geologischor  Theil,  14o  (plate). 


— ,  Sitzungsborichte  der  kaiserlichen  Akademio  der  Wissenschaf- 
ten.  Math.-natur.  Classe.  Erste  Abthcilung.  Vol.  Ivi.  Hefto 
2-5.     July  to  December  1867. 

Bou€. — ^Ueber  die  wahrecheinlichste  Entstehungsart  des  Olivin  als 

Mineral  imd  Felsart,  254. 
Tschermak. — ^Beobachtungen  iiber  die  Verbreitung  des  Olivin  in  den 

Felsarten,  261. 

.    Ueber  Serpentinbildung,  283. 

.     Mineralvorkommnisse  von  Joachimsthal  und  Krenmitz,  824. 

V.  V.  Lang. — Messung  des  Anorthits  aus  dem  Meteorstein  von  Juvcnas, 

839. 
Kner. — Naclitrag  zur  foasilen  Fauna  des  Asphaltschiefer  von  Seefeld 

in  Tirol,  S\)S  (4  plates). 

.     .     Zweite  Abtheilung.     Vol.  Ivi.  Hefto  3-5. 

October  to  December  1867. 

Wolff. — Chemische  Unterauchung  von  Eisenerzen  aus  dem  Erzberge 

bei  Iliittenberg  in  Kiimthen,  2y6. 
Reiner. — Chemische  Analyse  der  Mineralquello  zu  Sauerbrunn  bei 

AVicner-Neustadt,  450. 
Vierthaler. — Chemische  Analyse  der  Schwefelquellen  in  Spalato,  463, 

Jahrbuch  dor  k.-k.  geologischen  lleichsanstalt.     Vol.  xvii. 

No.  4.     1867. 

Kenngott. — Ueber  die  Eruptivgesteine  der  Santorin-Inseln,  465. 
Posepuy. — Studien  aus  dem  Salinengebiet  Siebenburgens^  475  (3 

plates). 
"W^)lf. — Geologisch  -  geographische    Skizze    der    niederungarischen 

Ebeno,  517. 
Suess  und  andere. — Studien  iiber  die  Gliederung  der  Trias-  und  Jura- 

Bildungen  in  den  ostlichen  Alpen,  589  (2  plates). 
Ilomes. — Die  fossilen  Mollusken  des  Tertiiir-Beckens  von  Wien,  583, 
Schloenbach. — Kleine  palaontologische  Mittheilungen^  580  (plate). 
Paufalik.— Der  Stand  der  vulkanischen  Thiitigkeit  im  Ilaten  von 

Santorin  am  24.  und  25.  September  1867,  596  (plate). 

.     Vol.  xviii.     No.  1.     1868. 


Hauer.— Gcologischo  Uebersichtskarte  der  osterreichischen  Monar- 
chic, 1. 
Pichler.— Beitrrige  zur  Geognosie  Tirols,  45. 
Posepnv.— Zur  Geologic  des  siebenbiirgischen  Erzgebirges,  oJ. 


Schi'^^h^h  — Kieine  palaontologiache  Mittheilungen,  139  (plate). 


I. 


I 
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Vienna.    Yerhandlangcn  derk.-k.  geologischen  Reichaanstalt. 
6-9,  1868. 

Posepny. — ^Enfiihrunff  im  nebenburgischen  Bergban-Districte, 
Palniieri. — DieThatigkeit  des  Vesuv  yom  20.  Februar  bis  4.  Man 
Hauer. — Geologische  Ueberaichtskarte  der  dsterreichiachen  ^ 

chie,  118. 
Laube. — Geologiscbe  Xotizen  aus  der  Gegend  Ton  St.  Caanan, 
Fotterle. — Die  LageruDgpsverbaltnisse  der  Steinkoblenilotze  i 

Schlau  Kakonitzer  Steinkoblemnulde,  119. 
Vivenot — Ueber  die  Scbemnitzer  Quarze  im   Muaeum  der 
Keicbganstalt,  121. 
J:  Muir. — Ueber  den  Quecksilber-Bergbau  in  Idria^  122. 

■ .  Mojuiso-ica. — Ueber  den  Malm  des  Salzkammergiitedi  124. 

<■     {\  Oestemncher. — Tiefensonden  und  Meereegrundproben  aus  dem 

*r-    '\'  atischen  Meere,  144. 

Foctterle. — Geologiscbe  Aufnahmskarten  im  nordlichen  Theil( 
I  Giimorer  Comitates,  145. 

Stur. — Vorlage  der  geologischen  Karte  des  oberen  Gran-Thaler 

des  oberen  Waagtnalos,  140. 
Meier. — Der  Gold-  und  Antimon-Bergbau  von  Magurka,  148. 
Pallausch. — Der  ararische  Braunkohlen-Bergbau  bei  Fohnsdor£ 
J  Ilaidingfer. — ^Zur  Erinnerung  an  Ferd.  Freiberm  v.  Tbinnfeld,  1 

+  I   ,  Schlicting. — Geognostiscbe    Verhaltmsse  von    Scbleswig-Uol 

^  !   1  100. 

jl   \  Rossler. — Geologisches  Museum  des  General  Land  Office  in  \^ 

[    j  ington,  104. 

Zittel. — Die  Cephalopoden  von  Stramberg,  166. 
Geinitz. — ^Ueber  die  fossilen  Pflanzenreste  auf  dem  Schiefergc 
von  Tei^gove  in  Croatien,  105. 
}  [    ;  flochstetter. — Durcbschnitt  durcb  den  Nordrand   der   bohmi 

Kreideablagerungen  bei  Wartenberg,  167. 
Wolf. — Dolomitbreccie  und  Amphisteginen-Thon  von   Badei 

Wien,  167. 
Petersen. — Kupferwismutherze  von  Wittichen,  1(59. 
Suess. — Ueber  das  Schieferffebirge  von  Tergoye  und  iiber  die  g 
gischen  Verhaltnisse  von  Kaibl,  169. 

.    Neue  Reste  von  Squalodon  aus  Linz,  160. 

Karrer. — Die  Verhaltnisse  der  Oongerien-Schichte  zur  aannatii 

Stufe  bei  Liesin^,  170. 
Fiichs. — Die  Tertiar-Bildungen  bei  Goya  und    Brettenbnun 
Neusiedler-See,  170. 

.     Terebratula  gregaria,  Suess,  bei  Kalksburg^  170. 

.     Hyeena  spelaoj  Goldf.^  von  Nussdorf,  170. 

Foetterle. — Das  Aussig-Teplitzer  BraunkohlenbeckeUy  171. 
Hofer.— Die  Melaphyre  der  kleinen  Tatra,  172. 
jl  Rossler. — Geolopscfie  Untersuchungen  in  Texas,  188. 

j]  Sandberger. — Die  Stellung  der  Raibler  Schichten,  Foraminiftn 

I  denselben,  199. 

I     I  Stoliczka. — Die  Andaman-lnseln,  Assam  u.  s.  w.,  192. 

[     !  Noth. — Die  KoUen-WasserstoflbEUB-Ausstromungen  in  und  um 

J  Iwonicz  in  Mittel-Galizien,  lud. 

.    Die  Erdol^ben  in  Bobrka  bei  Dukla  in  Mittel-Qa]in«, 

Ambroz. — Geologische  Studien  aus  der  siidostlicben  aaoiachea  1 

dee  bohmischen  Silurienbassins,  196. 
Hofer. — Das  BraonkohlsnTOEkommen  in  der  Schauerleiten  bM  Wi 
Neustadt,  196. 
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Vienna.     Yerhandlungen  der  k.-k.  geologischen  Reichsanstalt  (con^ 
tinned), 

Qriesbach. — ^Rhatische  und  jurassische  Schicliten  im  k.-k.  Thiergar- 

ten,  198. 
Mojsisovics. — Ueber  den  alten  Gletacher  des  TrauntLales,  199. 
Wolff. — Neue  Brunnenbohrungen  in  Debreczin,  199. 

Verhandlungen    der  k.-k.   zoologisch-botaniachen   Gesell- 


schaft.     Vol.  xvii.     1867. 

War  Office  Library.     Index  to  the  several  articles  in  the  Periodical 
Publications  received  in  the  War  Office  during  the  year  1867. 

.      Index   to   the  several  articles   in  Periodical  Publications 


received  from  the  6th  of  December,  1867,  to  the  5th  of  May,  1868 
(inclusive). 

Warwickshire  Naturalists'  and  Archaeologists'  Field-club.     Proceed- 
ings.    1867. 

W.  H.  Corfield. — Volcanic  Ilills  forming  the  chain  of  the  Puys  near 

Clermont  in  Auvergne,  15. 
P.  W.  Martin. — Chronology  of  the  Ages  of  Stone,  Bronze,  and  Iron,  48. 

Wiirzburg.     Verhandlungen  der  physikalisch-medicinischen  Gesell- 
schaft.     iv.     February  1,  1868. 

Semper. — Ueber  Entstehung  der  Korallenriffe. 

Ecological  Society.     Proceedings.     1867.     Part  3. 

.     Transactions.     Vol.  vi.     Part  5.     1868. 

G.  Busk. — Extinct  species  of  Elephant  from  Malta,  227. 


II.  PERIODICALS  PURCHASED  FOR  THE  LIBRARY. 

Annals  and  Magazine  of  Natural  History.    Fourth  Series.    Vol.  i. 
Nos.  4-6.     April  to  June  1868. 

H.  A.  Nicholson. — Ptilograpms  in  Britain,  238. 

A.  Hancock  and  T.  Atthey. — Remains  of  Reptiles  and  Fishes  from 

the  Northumberland  Coal-field,  266,  346. 
C.  Semper. — Formation  of  Coral-reefs,  486. 

Leonhard  und  Geinitz's  Neues  Jahrbuch  fiir  Mineralogie,  Geologie, 
imd  Palaontologie.     Jahrgang  1868.     Hefte  2  &  3. 

H.  B.  Geinitz. — Die  Galerie  Arch^ologique  oder  Galerie  de  lliistoire 
du  travail  der  Parisser  Ausstellung  im  Jahre  1867  imd  andere  auf 
das  Alter  des  Menschengeschlechtes  beziigliche  Notizen,  129. 

Worthen. — Ueber  Geologie  imd  PaliLontologie  von  Hh'nois,  138. 

E.  H.  Zimmermann. — Ueber  Gletscherspuren  im  Harze,  156. 

C.  Jansen. — Physikalische  Erklarunff  des  Absatzes  schwinmiender 
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the,  409. 
Clacton,  fosail  deer  from,  Kll) 

bablo  ago  of  the  freshwater  i 

at,  515. 
Clark,  J.,  Esq-,  on  tho  goAopa 

culiariticB  of  that  part  of  0 

Gennanj    known    as    the    I 

Switterland,  548. 
Gercdon.  Posttcitiarv   ntboKq 

near,  283. 
Cliff-section  at  Speeton,  £29 
ai*e   HiU,    ehropthins,     mMk 

Kenper  Sandst<me  at,  S76. 
Climuograpiua  teretiuaculoa,  K 
Coal  in  the  Eastern  Hanisphir 

C.  CoUingwood  on  some  sow 

98. 
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Coal-mines  of  Iwanai,  Japan,  511. 

Coal-plant  from  iSinai,  Mr.  J.  W. 
Salter  on  a  true,  509. 

Coaat-section  at  Speeton,  220;  from 
Kilnsoa  Beacon  to  the  Speeton  and 
Buckton  cliffs,  148. 

Codrington,  T.,  Esq.,  on  a  section  of 
the  strata  trom  the  Chalk  to  the 
Bembridge  Limestone  at  White- 
clitfe  Bay,  Isle  of  Wight,  519. 

Codsall  and  Albrighton,  Shropshire, 
section  of  red  sunaoe-loam  between, 
374. 

Collingwood,  Dr.  C,  on  some  sources 
of  Coal  in  the  Eastern  Hemisphere, 
98;  on  the  geological  features  of 
the  northern  part  of  Formosa,  and 
of  the  adjacent  islands,  94. 

ColumnastrtEa  Eyrei^  17. 

Combination  of  iron  in  stratiBed 
rocks,  states  of,  354. 

Concretions  of  hjdrous  scsquioxide  of 
iron,  375. 

Coniston  Flags,  Dr.  II.  A.  Nicholson 
on  the  GraptoUtes  of  the,  521 ; 
Grits,  Austwick,  Clapham,  York- 
sliire,  section  of,  368 ;  group.  Pro- 
fessor B.  Harkness  and  Dr.  U.  A. 
Nicholson  on  the,  296. 

Contortion  of  the  Miocene  strata  in 
the  Alps  and  the  Himalayas,  48. 

Copper-ores,  sections  illustrating  the 
"  Kernel-roasting  "  of,  398. 

Coprohte  bed  at  Speeton,  250. 

CoraUine  Crag,  Mr.  J.  Prestwich  on 
the,  288. 

Corals  of  the  West-Indian  Islands,  Dr. 
P.  Martin  Duncan  on  the  fossil,  9. 

,  Mr.  J.  Thomson  on  some  Car- 
boniferous, 463. 

Cornwall,  Cephabspidian  fishes  in 
DeTonshire  and,  546 ;  Dr.  H.  B. 
Holl  on  the  older  rocks  of  South 
Devon  and  East,  400. 

Correlation  of  the  Coniston  Flags  with 
foreign  deposits,  542. 

Cotham,  Lower  Lias  beds  at,  200, 
204 ;  section  from  Ashley  Down  to, 
200 ;  quarry,  section  of,  203. 

Crag,  Mr.  W.  Boyd  Dawkius  on  a 
new  species  of  Deer  from  the  Nor- 
wich, 516. 

Crag-beds  of  Norfolk  and  Suffolk,  Mr. 
J.  Prestwich  on  the  structure  of  the, 
288,  460. 

Crag-pit,  Suffolk,  section  in  the  Wang- 
ford,  377. 

Cretaceous  beds  of  the  Bas-Boulou- 
nais,  Mr.  W.  Topley  on  the  Lower, 
472. 


Cretaceous  corals  from  the  West  In- 
dies, 22. 

Crumumch-Watcr  beck,  section  of 
Coniston  Grits  at  the  head  of,  368. 

Crustacea  from  the  Upper  Silurian 
rocks  of  Lanarkshire,  Mr.  U.  Wood- 
ward on  some,  289. 

Culm-measures  of  Devon  and  Corn- 
waU,  401. 

Cumberland,  section  of  Carboniferous 
sandstone  at  Workington,  389. 

Dartmoor  granite,  440. 

Dctsywus  ursinuSf  313. 

Dawkius,  W.  Bovd,  Esq.,  on  a  new 
species  of  Fossil  Deer  from  Clacton, 
511 ;  from  the  Norwich  Crag,  516 ; 
on  the  Dentition  of  Rhinoceros 
Etriuscus,  Falc,  207. 

Death  of  Fishes  on  the  coast  of  the 
Bay  of  Fundy,  303. 

Decomposition  of  bisulphide  of  iron, 
yariegation  due  to  the,  378. 

Deer  from  Clacton,  Mr.  W.  Boyd 
Dawkins  on  a  new  species  of  fossil, 
511 ;  the  Norwich  Crag,  Mr.  W. 
Boyd  Dawkins  on  a  new  species  of, 
516. 

Dendrograpsus  Hallianug,  142. 

Dentition  of  Rhinoceros  Etruseus, 
Falc,  207. 

Denudation  in  Lancashire  and  York- 
shire, periods  of,  332  ;  of  the  Car- 
boniferous rocks,  327;  Yorkshire 
and  Lincolnshire,  175. 

Depleted  areas  of  red  and  purple  beds, 
386. 

Desvres,  section  cast  of,  475. 

Devousbu^  and  Cornwall,  Cephalas- 
pidiau  fishes  in,  546. 

Devon  and  East  Cornwall,  Dr.  H.  B. 
Holl  on  the  older  rooks  of  South, 
400. 

Devonian  rocks  of  Devon  and  Corn- 
wall, 414. 

Diagram  of  flexures  in  Mid-Lanca- 
shire, 326. 

Dichograpsus  Logani,  128. 

multiplex  f  129. 

octobrachiatuSf  129. 

reliculaius,  143. 

Didymograpsus  bifidus,  136. 

caduceus,  133. 

gendnuSf  134. 

mtidus,  135. 

patulus,  135. 

serratulus,  136. 

sextans,  134. 

V-fractus,  131. 

Dimlington  CliiT,  section  lixim  Band 
to,  169. 
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cotferlut,  as. 

/olUm.  521. 

gtmimM,lii. 

tuucroiuitiu,  139< 

fulmnt.  &23. 

prMim/ormit,  140. 

priitii,  &27. 

p«/iH«,  637. 

lamariKiu,  526. 

trrrlimciiltii,  13'J. 

Tt'ik-uLnuf,  637. 

DiMvloralion  nnil  bluai'liiiig  roniivclcd 

villi  Jumla,  tllJU  1  or  n-d  bed*,  3S2. 

Di»|H»itioD  uf  MuigBiHvc  in  (arirgatrd 

itlnlB,  3!H1. 
UuturtwDcc  of  tliu  level  o(  Ihu  Und 

1K1U-  yougluiL  4. 
IKiggcr  of  ttirj  uurth-inat  llmialafa, 

60S. 
UoiiBliuDS  to  tlw  Library,  ii,  64, 185, 

3J0,  569 1  Muwum,  tiii. 
]>nn  of  llcsalv,  260. 
Duiivaii,  Dr.  P.  MBrlin,  ud  llio  fowU 

L'urjb  uf  llu<  Wiiit'ludiBu  lilando. 

I'art  IV.  CoiK-luaioii,  U. 
JJu  KujCT,  G.   V„  Enq.,   ou    Flint 

Fl;ikL'3     from     L'sirickfuT)^    and 

Lanw,  4i)5. 
Duii>ouiubi',  scolion  from  Iha  Chud 

Uruok  lo  IIiglii.T,401l. 
Kaol  Cornwall,  olik-r  rot-Li  of,  401. 
EuliTu  UniiiDpliuri',  aoarect  uf  coal 

ill  tho,  US. 
Kiirllii|UBk(«  ID  uortWm  FunuuM,  &10. 
Kcuiioniic  producU  of  tlic   Siweton 

day,  24a. 
Egcrloii,  Sir  P.  Q.,  ou  tlie  uharactcn 

of  BOiDc  ni-'w  Fossil  Fiab  Irom  t)ie 

LiuorLjiiioBogii,  4W). 
Elephant  iu  »  fosiil  staU',  Dr.  A.  Ltith 

Aduii*  on  the  Aeiiitic,  4!>G. 
EUpliaf  lndic»t,  497. 
EliTBlioii  of  Uw   CarbonifBTOua    dii- 

trirta  of  I^iioaBliiro  and  I'orluhirD, 

Mr.  E.  Uull  on  tlio  lines  oi;  323. 
Elinglipn,     Biu-JJouloimaiB,     auction 

urar,  477. 
EnRToaohtnentortlicSeaonlheiborc* 

oJtl.oUristoiChinucl,27a. 
England,  i^ualtinuiry  gravola  of,  4>>&- 
Eoouno  curals  froiu  tlui  West  Indicii, 

Erosion,  fomiBl  ion  of  rallcf  ■  b;,  25S. 
Erujilion  ofllie  Kaimcni  of  Suiturin, 

Dr.  J.  8.  i.  Sohmidt  on  the,  467. 
Ewex,  mbblu-boda  of,  1G4. 
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itiu  Muroidui,  6(KI. 


Euryptmu  obemi,  293. 

( Ptciygotoi)  punctatiu,  S! 

acorpioidet,  2^2. 

£ie,  supposed  glacial  markiDga 

*alle7  of  the,  3. 
Faults  in  Lancashire  and  Ttri 

S7st«ni  or  north-west,  S32. 
Favoidea  Jungbolmi,  20. 
Femifcinous  accumulation  in  bi 

jrrlloir  sandslooMi,  aivtion  tin 

direction  of  line  of,  8&4 1  bsi 

Carbonifproiu  MudstoDB,  389. 
Filcj  Bsj,  SL-ction  of  the  beds  a 

in,  227. 
Fish  &om  tbe   Lias  of  Lrme  ] 

499. 
Fishta  in  Oeronshire  and  Con 

Ur.  E.  Ra;  Lankiwtvron  CepI 

Bdian,  546  i  on  the  rout  o 
ay  of  Fundj,  Dr.  A.  Lrith  i 
on  the  duath  of,  303. 

Flabelliun  cumtum.  16. 

Flexures  in  Laiicasliire  and  York 
325. 

Flint  flskca  from  CsrricUergu 
larne,  Mr.  G.  T.  Du  Koy< 
vorkeil,  485. 

FlomM',  W.  a.,  £Bq^  on  tbe  sA 
and  probublo  haUta  of  tlte  e 
AnstnJian  Marsupial  Tkgl 
canti/ex,  Ovii-n,  307. 

Fo«9U  Aaiatiu  Kleplumt,  496; 
of  the  \VesL-Indinn  Itlanili 
Deer  from  C'lactun,  511 ;  fiih 
the  Lioa  of  Ljmo  Kcgia,  499. 

Fossils  from  tlii-  beds  below  the  1 
South  Devon  liuieatoDcs,  43! 
niston  group,  290  ;  Meadoe  i 
520;  Lower  Keooomian  of  Sp 
235  1  Mmevian  grouii,  510; 
die  Npoooiniaa  of  8pv«ton, 
MidiJlu  Kiinmeridgc  of  Fil^ 
240  ;  Fonlandian  of  Spoeton, 
Port  SanlB  Crux,  Patagonia, 
Upper  Eimnieridge  of  6p 
2^ ;  Upper  Silurian  roek*  < 
narfcshire.  289 ;  of  the  Ca 
FUg^  G23  ;  DeroniHi  roite 
450;  fipceton  Clay,  diriributi 
the,  241,  245  i  Opper  Koto 
of  SpeetoD,  22». 

FiHito.  R.  B.,  Esq..  on  the  distill 
of  Stone  Impleiucnts  in  Stm 
India,  4ak 

Forbes,  Mr.  D.,  anolyyia  by,  391 

Formation  of  tbc  ParaUel  Bm 
Ulen  lluy,  83. 

Formosa,  ooal  in,  98  [  Dr.  C.  O 
woodonthoeeotugyo^Ht  1 
qualica  in  northem,  KlO. 
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]<liiiiii«   i)(  llerlfbriUhin.'  aud  their 

Hull  Dock?,  scrtion  construckKi  from 
the  boriiii;.'*  I'or  tlu',  182. 

Hull,  K.  K.-q.,  oil  the  ivlativo  ages  of 
the  loading  pliysical  features  and 
lines  ol"  elevation  of  the  Carboni- 
ferous difflriet  of  Laneashiro  and 
York!*hire,  3:i3 ;  ou  the  tliicknei^s 
of  the  Carboniferous  rocks  of  the 
l*endle  range  of  hdl?,  Lancashire, 
i\s  illustrating  the  author*8  riews 
regarding  the  "south-easterly  at- 
ttniuatioii  of  the  Carboniferous  sctli- 
nientarv  .-^ti-ataof  the  north  of  Eng- 
land." 311). 

Ihnnber.  section  aci*Obs  the  ri?cr,  132. 

II !Jl){<iltnf Hint's  Ot'tn/ii,  313. 

hii))Kiui-nt.-4  in  iSouthern  India,  Mr. 
U.  Bi'uee  Foote  on  the  distribution 
of  >tune,  181-. 

India,  Mr.  K.  IJruee  Foote  on  the 
lii^tribution  of  stone  implements  in 
Southeni,  18  k 

In  land,  disturbiuKre  of  the  level  of  the 
land  on  the  south  coast  of,  4. 

Tnii  in  varii  gated  strata.  Mr.  Cr.  Maw 
on  the  dispu.'ition  of.  3ol. 

Iron-ore  deposits  of  the  Northamp- 
tonshire Oolites?,  3^5. 

Isii.sl I'dd  c(iiij\t.\a,  11. 

l&oerluni  granulatum,  501. 

Isothermal  surfacfs,  theory  of  the 
change  of,  27 G. 

hvanai,  Japan,  coal-mines  of,  511. 

.lan.aica.  fossil  corals  from,  17. 

Ja])an,  coal  in,  101,  511 ;  fossil  tooth 
of  Klcphas  hulicHS  from,  11)7. 

«)oints,  discoloration  and  bleaching 
connected  with,  3G6. 

Judd,  J.  \V.,  Esq.,  on  the  Sjieeton 
Clav,  218. 

Jurasssii;  deposits  in  the  Xorth-wcst 
Himalaya.  500. 

Kaimeni  oi  Santorin,  Dr.  J.  8.  J. 
Schmidt   on   the  eruption  of  the, 

Kelung,  95. 

Kelsea  Hill  ballast-pit,  section iu,  15^1. 

Kent  and  the  iias-Boulonnais,  com« 

paraiive  sections  of  Cretaceous  beds 

in,  182. 
'•  Kcrnel-ri>ai«ting  "  of  eoj»i>cr-ore»,  sec- 

tions  illustrating  the,  398. 
Keujur  marls,  variegation  of  the,  369 ; 

sandstone,  Clive  Hill,  Shropshire, 

stvlion  of,  37G. 
Kcuper,  *•  Watei-stone  beds"  of  the, 

51G. 
Keynsiiam,  Lower  Lias  beds  at,  :i01. 


Kibisea  Beacon  to  the  Spei-ton  aud 

Duckton  Cliii's,  coast-sttrtiou  fruui. 

lia 
Kinmieridgc  beds  in  the  Spoctou  Clar, 

238. 
Kingsbridgc  Inlet  at  Salcombc,  Si.-ction 

from  the  granite  north  of  Ugborouch 

to  the^  438. 
Koala,    a    phytophagous    marsupial, 

skull  of,  313. 
Kurrachee,  flood  at,  124 ;  map  of  the 

district  near,  123. 
Labuan,  coal  in,  99. 
Lake-basins,  formation  of,  50. 
Luke-distriet,  Cunistou  group  in  the, 

29G. 
Lamellastraa  Swtfthu  20. 
Lamination  in  granito,  278. 
Lanarkshin*,crustaet.-a  from  the  L*ppcr 

Silurian  rocks  of.  289. 
Lancashire    and    Yorkshire,   n-laiivc 

ages  of  the  leading  physicatl  featuiv« 

and  lines  of  elevation  of,  323. 
Lancasiiirc,  tluckness  of  the  Carboui- 

ferous  rocks  of,  319. 
Land   near  Youghal,   disturbanix*  of 

the  level  of  the,  4. 
La  Neuville,  Amiens,  section  at,  lOS, 

117,  123. 
Lankester,  E.  Kar,  Ksq.,  on  the  dii* 

eovery  of  the  remains  of  Cephalas* 

piihan    ilshim    in   Devonshire  aod 

Cornwall,   and  on   the  identitv  of 

SleffanoilicfiftiMt  M^Coy,  witli  geuen 

of  tliose  fishes,  546. 
Lame,  worked  iliut  Hakes  from  Car- 

rickfergus  and,  495. 
Leicestershire,  thickness  of  the  Car- 
boniferous rocks  of.  322. 
Lepidodendron  from  Sinai,  509. 
^—  mosaicuni,  509. 
Level  of  the  land  near  Youghal,  dii* 

turbance  of  the,  4. 
Lias-beds  at  Cotham,  Bedminster,  and 

Keynsham,  near  Briatol,  201;  oi 

Bristol.  199. 
Lias  of  Lyme  Regis,  Sir  P.  G.  Egerton 

on  some  new  fossil  fish  from  the, 

499 ;  the  north-west  llimoUya,  507. 
Library,  donations  to  the,  is,  64, 183, 

336,  559. 
Lime  and  magnesia,  diacolontioD  of 

red  beds  by,  382. 
Limestone    and    granite,    origin    of 
smoothed,  rounded,  and  koUowvd 

surfaces  of,  277. 
Limestones,  beds  below  the  Plymouth 
and  Torbay,  414;   bed*  orerlying 
the  Plymouth  and  Torbay,  4^3; 
Plymouth  and  Torbay,  4S7. 
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Linoolnshire  and  South-east  York- 
ahire,  Glacial  and  Postglacial  struc^ 
ture  of^  2,  146;  general  section 
aoroM  Central,  161. 

Linkingham,  section  from  Yeolm 
Bridge  to  Pengellj,  near,  417. 

Linley,  near  Bridgnorth,  section  of 
Banter  Sandstone,  367. 

List  of  the  Graptolites  of  tlie  Coniston 
Flags,  523. 

Loch  Awe,  section  across  the  bed  of,  264 

Loess  at  Amiens,  116 ;  section  show- 
ing the  escarpment  of,  113. 

Longueau  and  St.  Acheul-road,  sec- 
tion along  the.  111 ;  to  the  Station 
Works,  Amiens,  section  along  the 
railway  from,  128. 

Lower  Cretaceous  beds  of  the  Bas- 
Boulonnais,  472  ;  Qreensand  of  the 
Bas-Boulonnais,  475 ;  Kiinmeridgo 
in  the  Speeton  Clay,  240  ;  Lias  beds 
of  Bristol,  199;  Cotham,  Bed- 
minster,  and  Keynsham,  near  Bris- 
tol, 204 ;  Neocomian  in  the  Speeton 
Clfty,  234. 

Lowlands  of  Scotland,  formation  of 
▼alleys  in  the,  261. 

Lubbock,  Sir  J.,  on  the  parallel  roads 
of  Glen  Boy,  83. 

Lusatian  granite,  553. 

Lyme  Regis,  new  fossil  fish  from  the 
Lias  of,  499. 

Mackintosh,  D.,  Esq.,  on  a  striking 
instance  of  apparent  oblique  lami- 
nation in  granite,  278  ;  on  the  mode 
and  extent  of  encroachment  of  the 
sea  on  some  parts  of  the  shores  of 
the  Bristol  Channel,  279 ;  on  the 
oriffiu  of  smoothed,  rounded,  and 
hoflowed  surfaces  of  limestone  and 
granite,  277. 

Madreporaria  of  the  West-Indian 
Islands,  9. 

Magnesia,  discoloration  of  red  beds 
hj  lime  and,  382. 

Maun  (?)  of  the  North-west  Himalaya, 
606. 

Manganese  in  variegated  strata,  dispo- 
sition of,  399. 

Manioina  areolata,  16. 

Map  of  Speeton  Cliff,  230 ;  the  district 
near  Korrachee,  125 ;  showing  the 
area  of  Southern  India  which  would 
be  submerged  by  a  depression  of 
600  feet,  485. 

Marmora,  geology  of  the  Princes 
Islands  in  the  Sea  of,  53. 

Marsupial,  Thylacoleo  carmfexy  Owen, 
Mr.  W.  H.  Flower  on  the  extinct 
Australian,  307. 


Maw,  G.,  Esq.,  on  the  disposition  of 
iron  in  variegated  strata  (with  6 
plates),  351. 

Medlicott,  H.  B.,  Esq.,  on  the  Alps 
and  the  Himalayas,  34. 

Menerian  group,  fossils  from  the, 
610. 

Metamorphic  rocks  of  Devonshire, 
439. 

Middle  Glacial  formation,  147 ;  Neo- 
comian in  the  Speeton  Clay,  232  ; 
Kimmeridge  in  tne  Speeton  Clay, 
239. 

Middlesex,  Essex,  and  Herts,  pebble- 
beds  of,  464. 

Mill  Hill  Quarry,  near  Tavistock, 
section  from  the  limestone  at  Stow- 
ford  to,  409. 

Millstone-grit  scries,  Pendle  range, 
thickness  of  the,  320. 

Mineralization  of  West- Indian  fossil 
coraU,  15. 

Miiiwonnet  to  the  granite  near  New- 
ton, section  from,  418. 

Miocene  corals  from  the  West  Indies, 
22 ;  strata  in  the  Alps  and  the 
Himalayas,  contortions  of  the,  48. 

Mitford,  A.  B.,  Esq.,  on  the  coal' 
mines  of  Iwanai,  Island  of  Jesso, 
Japan,  511. 

Molasse,  38. 

Montiers,  gravel  and  loess  near,  1 17  ; 
section  along  the  railway  at,  123. 

Montpelier  Quarry,  section  of,  202. 

Murray,  A.,  Esq.,  on  the  diminution 
of  the  volume  of  the  sea  during  past 
geological  epochs,  495. 

Museum,  donations  to  the,  viii. 

Mysore  plateau  across  Naggery  Moun- 
tain, section  from  the,  487. 

Naggery  Mountain,  section  from  the 
Mysore  plateau  across,  487. 

Nahun  group,  45. 

Napier,  C.  O.  G.,  Esq.,  on  the  Lower 
Lias  beds  occurring  at  Cotham, 
Bedminster,  and  Keynsham,  near 
Bristol,  204. 

Nen  at  Peterborough  to  the  Trent  at 
Newark,  section  m>m  the,  160. 

Neocomian  beds  at  Wissant,  475 ; 
formation  in  the  Speeton  Clay,  225. 

Newark  to  Peterborough,  section  from, 
160. 

New  Hebrides  and  Banks's  Islands, 
volcanoes  in  the,  305. 

Newton,  section  from  Minwonnet  to 
the  granite  near,  418. 

Niandros,  Island  of.  Sea  of  Marmora, 
62. 

Nicholson,  Dr.  H.  A.,  on  the  Coniston 
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i»nMi]>,  2i»0 ;  on  tho  GmptolitM  of 

tlio  Conistoii  tliig!*,  with   notes  on 

the   British   sjxMik'a  of  tho   genus 

(Jniptoliffs,    521 ;    on   tlie    Urap- 

toHtO!*   of  tlie    SSkitUluw  tferii»,   8, 

125. 
N()rf«)lk  and  SiUFolk,  structure  of  tlio 

fra^-bodd  of,  2S8,  KH). 
Nortlmniptonsliiro  Oohti's,  section  of 

bantliHi  yollow  rook  in  the,  390; 

varii'gatetl  iron-orv*  deposits  of  the, 

395. 
Nor w it'll  Crag,  new  spwies  of  Deer 

from  tlie,  516. 
OoUtes,  section  of  bandixl  yellow  rock 

in    the    Nortlianiplonnhire,    390; 

varietiuted  iron-oiv  de|>osits  of  the 

Mortliainptonsliire,  ;Ji)5. 
Or^ianie  mat  tor  in  inchicing  Tariega- 

tion,  iiilhienee  of,  371. 
Ormerod,  (f.  W.,  Esq.,  on  the  "  Wa- 

terstone  beds"  of  llie  Keuper,  and 

on     ]i'seudi)morphon.s    ervtftals     of 

cliloride  of  sixlium.  510. 
()steoni«'lii>  inacroivphahif*,  500. 
Oxide,  ble.ieliin^  of  red  beds  due  to 

nbslraetii)ii  of  the  eolonruig.  359. 
Oxid*'  of  iiian;<anese  in  l\irlH»nifcrous 

grit  and  saiidstoni-,  «eetion  showing, 

3iH). 
Pala'Dzoii'  rocks  of  S<»utli  Devon  and 

Ea.-t    C'oi-iiwall,    lOCJ;  the   rriuces 

Islands,  Sia  of  Marmom,  5G. 
Vamur,  >eetion  tlu'oujrh,  1-87. 
]*ara<*vatlin-«  llemkcni.  1(». 
Parali.l  H..ads  oi  Cilen  Koy,  83,  273. 
raralhli.-m    of  the  Al)»inc  and  Sub- 

himalfUan  sc^'tions,  IS. 
I'an-*,  M'llion  in  a  el;;y-j)it  at  Vaugi- 

r.ird,  :'>72. 
PataijcMiia,    fop>ils   from   Port   Santa 

C'niz.  .'lO.'). 
Pehhle-hed-  of  Mi(hUe>cX,  Kssex,  and 

llerir.,   Mr.  S.  V.  WockI,  jun.,  on 

the,  nil. 
Pendle  Hills,  Lancashin^  thiekness  of 

the  C'arboniferons  rocks  of  tlie,  319. 
Pendle  range,  s<.'Ctions  aeroiis  tho,  324, 

328. 
Peiigelly,    ni'nr    I.inkingliani,    section 

from  Ve<»lm  l{ri<l|je  to,  417. 
Peimine  Chain,  aije  of  the,  329. 
Periods  of  dcmidatinn  in  Lancashire 

and  Vorkshiiv.  .332. 
Pet  a  la,     I>land  of.  Sea  of  Mannora, 

VA. 
Pi-lrrh'»roii;,'li  to  Ni'wark.sivt ion  from, 

lt;i». 
Pi'i'ierwin,  IJM  of  fi"*!«il.-*  from,  150. 
Ph  a  scot  i  I  ret  OS  ciiurtitx,  313. 


Phillips,  Prof.  J.,  on  tho  Hessle  I>nt\ 
OS  it  appeared   in   sections  aliore 

forty  years  since,  250. 
Phyllograpsus  angustifolius,  132. 

typuit,  133. 

Physieal  features  and  lines  of  eleratioa 

of  the   Carboniferous    districts  of 

Lancashire  and  Yorkshire,  Mr.  £. 

Uull  on  the   ivlatiTe   ages  of  the. 

823. 
Physical  geography  of  Argyllithire  in 

connexion  witli  its  Kcoloj^ieal  otnic- 

ture,  255 ;  of  llertfordsliins  28  k 
Placotrochus  Lonsdalei,  17. 

Sawkiasi,  18. 

Plains  of  Hertfonlshire  and  their  gra- 
vels, Mr.  T.  M'K.  Hughes  on'thc 

two.  2S3. 
Plateau  of  Saxon  Switzerland,  section 

illustrating  the  lust  uphi-aval  vl  tho, 

551. 
Pbti,  [shind  of,  Si^ti  of  Mnrmora,  62. 
Pfeurotfrapsujt  cafjan*^  14 1. 
Pluvial  periixi,  Mr.  A.    Tylor  on  a. 

120. 
Plymouth  and  Torbay  limestones,  l::7; 

bt'ds  below  the,  414 ;  betls  overlv- 

ing  the,  4:)3. 
PocilloiH»ra  erassonimosu,  17. 

ifHuh^  21. 

PoUaphant,  set^tiou  throu;;h,  IIS. 
Portland   beds  in  the  SjHvti'U   C\:.r, 

237. 
Postglacial  structure  of  r.inc<.»hi:>)n<v 

and  South-eaflt  York :^h ire,  2,  1  U\. 
Post  tertiary     submergone«.-s     of     tIu' 

shores  of  the  Bri<>tol  Channel,  2s2. 
Pra>Pennian   llcxures  of  Laneu^hixv, 

section  illustrnting  the,  32  K 
Prestwieh,  J.,  Esq.,  on  the  struelupf 

of  the  Crag-beds  of  Norfolk  and 

Suffolk,  with  some  obsenration»  on 

their    Organic    Keiuain.«.     Port  1. 

Coralline  Crag,  288. 
Princes   Islands  in  the  Sea  of  Mar' 

mora,  Mr.  \V.  B.  Swan  on  the  geo- 
logy of  the^  53. 
Prinlupo,  Island  of.  Sea  of  Mannora. 

53. 
Froti,  Island  of.  Sea  of  Mamiora, 

01. 
Psi'udomorphous  crystals  of  chloride 

of  sodium,  546. 
Pternspis  Comufaieus,  54C. 
Pter}-gotus,   ^[r.   II.   Woodward  on 

the  structure  of,  29^. 

bilohtts,  294. 

rauiceps,  24*4. 

Purbeck  beds  of  the  Bas-Boulonnais, 

481. 
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Purple  beds,  depleted  areas  of  red  and, 
386. 

Quoder  sandstone  of  Saxon  Switzer- 
land, 553. 

Quaternary  gravels  of  England,  Mr. 
A.  Tylor  on  the,  455. 

liaised  sea-bed  near  Watchet,  281. 

Bamiapatnam,  section  from  Boodrar 
to,  487. 

Hand  to  Dimlington  CliiT,  section  from, 
169. 

Bange  of  Mhinoceros  Etruscus^  Falc, 
216. 

Bankine,  Prof.  W.  J.  Macquom,  on 
the  angle  of  repose,  91. 

Rastritet  lAnruBif  531. 

pereffrinuSf  531. 

Bat>kangaroo,  skull  of,  313. 

Bed  and  purple  beds,  depleted  areas 
of,  386. 

Bed  beds,  primary  condition  of  iron 
in,  357. 

Bed  Crag  of  SuflTolk,  Mr.  J.  Prest- 
wich  on  the,  460. 

Beport,  Annual,  i;  of  the  Library 
and  Museum  Committee,  ii. 

Bepose,  angle  of,  90. 

MetiolUea  Oeiniizianus,  530. 

perlcUuSf  530. 

Shinoceros  EtruscviSy  Falc,  Mr.  W. 
Boyd  Dawkins  on  the  dentition  of, 
207. 

Biver-gravels  of  Hertfordsliire,  286. 

Biver  Humber,  section  across  the, 
152;  Nen  at  Peterborough  to  the 
Birer  Trent  at  Newark,  section 
from  beyond  the,  160;  Steeping, 
section  across  the,  163;  Trent  at 
Newark,  section  from  the  river 
Nen  at  Peterborough  to  the,  160 ; 
Trent  to  the  sea-clilf  beyond  Aid- 
borough,  section  from  the,  160. 

Bivers  Bain  and  Steeping,  section 
across  the  valleys  of  the,  161. 

Bocks,  states  of  combination  of  iron 
in  stratified,  354. 

Borne,  Bev.  J.  L.,  on  the  Glacial  and 
Postglacial  Structure  of  Lincoln- 
shire and  South-cast  Yorkshire, 
146. 

Boodrar  to  Bamiapatnam,  section 
firom,  487. 

Salcombe  district,  metamorphic  rocks 
of  the,  439;  section  from  Ugbo- 
rough  to,  438. 

Saliferous  deposit  in  St.  Domingo,335. 

Salter,  J.  W.,  Esq.,  on  a  true  Coal- 
plant  (Lepidodendron)  from  Sinai, 
609 ;  on  fossils  from  the  Menevian 
group,  510. 
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Santa  Cruz,  Patagonia,   fossils  from 
Port,  505. 

Santorin,  Dr.  J.  S.  J.  Schmidt  on  the 
eruptions  of  the  Kaimeni  of,  457. 

Saveuse  valley,  near  Amiens,  section 
across  the,  115. 

Saxon  Switzerland,  Mr.  J.  Clark  on 
the  geology  of,  548. 

Schmidt,  Dr.  J.  S.  J.,  on  the  eruption 
of  the  Kaimeni  of  Santorin,  457. 

Sea-beaches,  section  illustrating  the 
form  of,  89. 

Sea  during  past  geological  epochs,  Mr. 
A.  Murray  on  the  diminution  of  the 
volume  of  the,  495. 

Sea,  encroachment  of  the,  279. 

Sea  of  Marmora,  geology  of  the  Princes 
Islands  in  the,  53. 

Section  across  Central  Lincolnshire, 
161 ;  the  bed  of  Loch  Awe,  264 ; 
Brander  Pass,  268 ;  Pendle  Range, 
324;  river  Humber,  152;  river 
Steeping,  163  ;  Saveuse  Valley,  near 
Amiens,  115 ;  south-westerly  ex- 
tremity of  the  Pendle  Bange,  328 ; 
valleys  of  the  Bain  and  the  Steeping, 
161 ;  along  the  railway  at  Montiers, 
123  ;  St.  Acheul  and  Longucau 
Boad,  111 ;  atLaNeuville,  Amiens, 
108,  117,123;  Speeton,  229;  the 
southern  base  of  the  north-western 
Himalayas,  49 ;  constructed  from 
the  borings  for  the  Hull  Docks,  182 ; 
east  of  Desvres,  475  ;  from  Ashley 
Down  to  Gotham,  208 ;  below  the 
Coniston  limestone  to  the  Coniston 
grits,  297 ;  beyond  the  river  Nen, 
at  Peterborough,  to  the  river  Trent, 
at  Newark,  160 ;  Brickenden  Green, 
three  miles  south  of  Hertford,  to 
Bright's  Hill  Wood,  one  mile  north 
of  Bramfield,  284 ;  Brickenden 
Green  to  the  brow  of  the  Thames 
valley  near  Brentwood,  469 ;  Kiln- 
sea  Beacon  to  the  Speeton  and 
Buckton  Cliffs,  148 ;  Longueau  to 
the  Station  Works,  Amiens,  123  ; 
Minwonnct  by  PoUaphant  to  the 
granite  near  Newton,  418 ;  Band 
to  Dimlington  Cliff,  169  ;  Boodrar 
through  Pamur  to  Bamiapatnam, 
487;  Yeolm  Bridge  to  Pengelly, 
near  Linkingham,  417  ;  the  Chud 
Brook  through  Waddon  Barton  to 
Higher  Dunscombe,  409  j  granite 
north  of  Ugborough  to  the  Kings- 
bridge  Inlet  at  Salcombe,  438; 
limestone  at  Stowford  to  Mill  Hill 
quarry,  near  Tavistock,  409;  Mysore 
Plateau  across  Naggery  Mountain 
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to  the  Bea»  487  j  river  Trent  to  the 
aea-cUff  beyond  Aldborough^  160  j 
tunnel  at  Green  way  House  to  Kings- 
wear,  435  ;  illustrating  the  form  of 
Bea-bcaches,  89;  **  kernel-roasting" 
of  copper-ores,  398 ;  last  upheaval 
of  the  plateau  of  Saxon  Switzerland, 
651;  in  a  ohalk-quarry  near  Qui- 
gencourt,  111 ;  railway-cutting  west 
of  Caffiers,  473  ;  Camps-Hill  brick- 
field, Hertfordshire,  287  ;  Kelsea 
Hill  ballast-pit,  154 ;  the  Ashdown 
Sands,  Hastings,  392 ;  Subhima- 
layas,  4i ;  Wangford  Crag-pit,  Suf- 
folk, 377  J  near  Amiens,  106 ;  Cagny, 
in  the  valley  of  the  Arve,  118 ; 
Elinghen,  13as-Boulonnais,  477 ; 
of  a  bleached  patch  in  tlie  Keuper 
marls  near  Worcester,  370  ;  banded 
sandstone,  Qrt^s  des  Yos«ge<»,  near 
Baon  rEt«po,  Vosges,  390;  banded 

frcllow  rock,  Nortliamptonshire  Oo- 
ite«,  890 ;    Buntcr  sandstone  near 
ShiiTual,  Shropshire,  363  ;  Carboni- 
ferous grit  and  sandstone,  Willey 
Park,  Shropshire,  399  ;  sandstone, 
Workington,    Cumberland,     389 ; 
coast  south  of  Whitehaven,  391, 392; 
cliff  east  of  Southwold,  Suffolk,  375 ; 
Coniston  grits,  Austwick,  Clapham, 
Yorkhhirt%  368  ;    Cotham   Quarry, 
203  ;  Cretaccx}U9  beds  in  Kent  and 
the    Bas-Boulonnais,    482 ;    Gris- 
thorpe  cliff,  180 ;  Ht^ssle  cliff,  253  ; 
Keuper  sandstone, Chve  Hill,  Shrop- 
shire,   376 ;    Montpelier    Quarry, 
202  ;  quarry  on  Ashley  Down,  200 ; 
red   surface-loam  between  Codsall 
and  Albrighton,  Shropshire,  374; 
variegated  yellow  sandstone.  Ash- 
down  Sands,  Hastings,  390  ;    the 
Alps,   38;    Argilc    plastique    and 
Calcaire  grossier   in  a  clay-pit   at 
Vaugirard,  Paris,  372 ;  beds  exposed 
in  FiUy  Bay,  227  ;  **  Cliff"  at  Red- 
ding's   Wood,   two    miles  eawt  of 
Appleby,  177  ;  Hessle  drift,  252 ; 
parallel  roads  of  Glen  Roy,  85,  88  ; 
strata  from  the  chalk  to  the  Bern- 
bridge  limestone  at  Wbitecliff  Bay, 
Isle  of  Wight,  619;   showing  de- 
composed chalk.  111,  1 18 ;  details  of 
structure  of  the  Oolitic    iron-ore 
formation,  Northamptonshire,  396  j 
direction  of  line  of  ferruginous  ac- 
cumulation in  banded  yeUow  sand- 
stones, 394;  escarpment  of  Loess 
between  the  quarry  and  the  Impe- 
rial Road,  Amiens,  113;   relation 
of  grey  bods  to  calcareous  strata, 


Upper  Silurian  formation,  Shrop- 
shire, 383  ;  in  the  Trias  of  the  east 
of  France,  383  ;  the  subdivisions  of 
the  Si^eeton  Clay,  231  ;  thickness 
of  the  Carboniferous  rocks  from 
North  Lancashire  to  Leicestershire, 
322  ;  through  Caffiers,  474  ;  the 
north  of  the  Bas-Boulonnais,  483 ; 
ridge  prolonging  the  W'old-scarp 
in  Lincolnshire,  165. 

Serapis,  t4?mple  of,  276. 

Shiffnal,  Shropshire,  section  of  Bunter 
sandstone  near,  363. 

Shropshire,  section  of  Carboniferous 
grit  and  sandstone  in  Willey  Park, 
899. 

Siberia,  coal  in,  100. 

Silurian  formation,  Shropshire,  section 
of  the  Upper,  883  ;  rocks  of  Lanark- 
sliire,  Crustacea  from  the,  289. 

Sinai,  true  coal-plant  from,  609. 

Sivalik  strata,  45. 

Skiddaw  series,  Dr.  H.  A.  Nicholson 
on  the  Graptolites  of  the,  8,  126. 

Slates,  variegated  Cambrian,  379. 

Smvth,  W.  W.,  Esq.  (President),  Ad- 
dress on  handing  to  Professor  An- 
sted  the  WoUaston  Medal  for  trans- 
mission to  Dr.  C.  F.  Naumann,  of 
Leipzig,  xxvii ;  address  on  handing 
to    Mr.  Godwin-Austen,     for    M. 
Bosquet,  of  Maestricht,  the  balance 
of  the   Wollaston    Donation-fund, 
xxviii.  Anniversary  Address,   Feb- 
ruary  21,    1868,   xxix;    Ohiiiiary 
notices  of  deceased  Fellovps : — Mr. 
W.   J.   Hamilton,  xxix;    Earl  of 
Rosse,  xxxiii ;  Dr.  C.  G.  B.  Dau- 
beny,    xxxiii ;     Mr.  Ashurst  Ma- 
jendie,   xxxvi;    Sir  G«orgo   Clerk, 
Bart.,  XXX vii ;  Sir  Charles  Lemon, 
Bart.,  xxxvii;    Dr.  James   Black, 
xxxviii;  Mr.  Evan  Hopkins,  xxxviii ; 
Admiral    Theobald   Jones,    xxxix. 
C^logical   Survey   of  the   United 
Kingdom,  xxxix ;   of  Italy,  xl ;  of 
Austria,  xli ;  of  the  Western  United 
States,  xlvi;  physical  structure  of 
Palestine,  li;    Fraas's    'Aus  dem 
Orient,'    li;    change    of    dinuUsl 
conditions,  Iviii;    DoYe's   'Eiaieit, 
Fahn,  und  Scirooco,*  Ix;    Heer*i 

*  La  Flore  Miocene  des  regions  po- 
laires,*  Ixi;  Yon  Waltershausen's 
'  Ueber  die  Klimate  der  G«genwart 
und  der  Vorwelt,*  Ixiv  ;  Hodistet- 
tcr's  *New  Zealand,*  Ixv;   Farw'i 

*  Recherches  g^lo^ques  dans  let 
parties  do  la  Savoie,  Ac,  Toisines 
du  Mont  Blanc,*  Ixxi ;  Granites  of 
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Ireland,  Ixdr ;  Senft's '  Die  krystal- 
liniflohen  Felsgemeintheile/  Ixxyi ; 
Yo^lsang'B  *  Philosophie  dor  Geo- 
logie,'  IxxTii  ;  Subterranean  Tem- 
perature, Ixxix. 
Sodium,  pseudoTnorphous  crystals  of 

chloride  of,  546. 
Somme,  gravel  of  the  Tallcy  of  the,  1, 

103. 
South  DcTon,  older  rocks  of,  401. 
Southwold,  Suflblk,  section  of  cliff  east 

of,  375. 
Speeton  and  Buckton    cliffs,   coast- 
section  from  Kilnsea  Beacon  to  the, 
148. 
Speeton  Clay,  distribution  of  the  fos- 
sils of  the,  241,  245 ;  Mr.  J.  W. 
Judd  on  the,  218 ;  vertical  section 
showing  the  subdivisions  of  the,  231. 
Speeton,  cliff-section  at,  229. 
Speeton  Cliff,  sketch-map  of,  230. 
Spiti  Shales,  Himalaya,  508. 
St.  Achcul,  sections  at,  106. 
St.  Croix,  Trinidad,  list  of  fossil  corals 

from,  12. 
St.  Domingo,  fossil  corals  from,  16 ; 

saliferous  deposit  in,  335. 
Steeping,    section    across  the,    163; 

ratleys  of  the  Bain  and  the,  161. 
Steganodictyum  Comubicum,  546. 
Stephanocania  Reussiy  19. 
Stoddart,  W.  W.,  Esq.,  on  the  Lower 

Lias  Beds  of  Bristol,  199. 
Stolicska,  Dr.  F.,  on  Jurassic  deposits 

in  the  North-west  Himalaya,  506. 
Stone  implements  in  Southern  India, 
Mr.  R.  Bruce  Foote  on  the  distri- 
bution of,  484. 
Stowford  to  Mill  Hill  quarry,  near 
Tavistock,   section  from  the  lime- 
stone at,  409. 
Strata,  disposition  of  iron  in  varie- 
gated, 351. 
Structure  of  Argyllshire,  255. 
St  jlocoenia  lobato-rotundata,  20. 
Sijlophora  minuta,  14. 
Subathoo  group,  45. 
Subhimalayan  sections,  description  of 

some,  4-i. 
Submergences  of  the    shores  of   the 

Bristol  Cliannel,  282. 
Suffblk,  Crag-beds  of   Norfolk   and, 
288 ;  structure  of  the  Crag-beds  of 
Korfolk  and,  460. 
Surfaces  of   limestone  and    granite, 
origin  of  smoothed,  hollowed,  and 
rounded,  277. 
Swan,  W.  R.,  Esq.,  on  the  Geology  of 
the  Frincra  Islands,  in  the  Sea  of 
Marmora,  53. 


Switzerland,  geology  of  Saxon,  548. 

Tabic  of  Devonian  fossils,  446,  450 ; 
fossils  from  the  beds  below  the 
Upper  South  Devon  limestones, 
432. 

Tagling  limestones  of  the  north-west 
Himalaya,  507. 

Tavistock,  section  from  the  limestone 
at  Stowford  to  Mill  Hill  quarry, 
near,  409. 

Tertiary  strata  of  the  Alps,  38 ;  Sub- 
himalayas,  45;  Whitecliff  Bay, 
519. 

Tetragrapsus  bryonoides,  131. 

cnicifer,  144. 

Headi,131. 

quadribrachiatus,  131. 

Thames  Valley,  section  from  Brick- 
enden  Green  to  the  brow  of  the, 
469. 

Thickness  of  the  Carboniferous  rocks 
of  Lancashire,  319. 

Thomson,  J.,  Esq.,  on  some  Carboni- 
ferous corals,  463. 

Thylacoleo  carni/ex,  Owen,  restora- 
tion of  the  skull  of,  312. 

Tooth  of  El^has  Indicus,  sketch  of  a 
fossil,  497. 

Topley,  W.,  Esq.,  on  the  Lower  Cre- 
taceous beds  of  the  Bas-Boulon- 
nais,  with  noti.'S  on  their  English 
equivalents,  472. 

Torbay  limestones,  beds  below  the 
Plymouth  and,  414;  beds  over- 
lying the  Plymouth  and,  433 ;  Ply- 
mouth  and,  427. 

Trachytic  ro<rks  of  tlio  Princes  Islands, 
Sea  of  Marmora,  54. 

Trap-rocks  of  the  Princes  Islands, 
Sea  of  Marmora,  56. 

Trias  of  the  East  of  France,  section  in 
the,  383. 

Trinidad,  geology  of,  10. 

Trent  at  Newark  to  the  Nen  at  Peter- 
borough, section  from  the,  160. 

Trent  to  the  sea-cliff  beyond  Aid- 
borough,  section  from  the  river, 
160. 

Tylor,  A.,  Esq.,  on  the  Amiens  (tra- 
vel, 1,  103;  on  the  Quaternary 
Gravels  of  England,  455. 

Ugborough  to  Siucombo,  section  from, 
438. 
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F088IL  Animals  and  GEOLoay  0/ AincA.     By  Alqebi  Gaubbt. 

Part  I. — Fossil  Akixals. 

[Animaux  Fossileset  G^logie  deTAttique.   Par  M.  Gaudrj.    Part  L  AnimauX 
FossUes.    4to.  FariB,  1867.    Platea  60.] 

In  the  first  part  of  this  work,  M.  Gaudry  descrihes  the  remark- 
ahle  association  of  different  species  of  Mammals  obtained  out  of 
a  deposit,  probably  of  Upper  Miocene  age,  near  Pikermi,  in  Attica. 
He  conducted  the  exploration  in  person,  living  in  a  tent,  during 
the  summers  of  1856-7  and  1860;  and  his  labours  have  been 
rewarded  by  the  most  complete  suite  of  organic  remains  that  has 
ever  been  brought  before  the  world  of  science,  not  even  omitting 
that  of  the  Sevalik  Hills.  These  ample  materials  he  has  most  rigo- 
rously analyzed ;  and  after  comparing  the  remains,  bone  by  bone, 
with  those  of  living  Mammals,  he  has  not  only  noted  the  points  of 
difference,  but  also  has  been  the  first  naturalist  to  attach  due  im- 
portance to  the  points  of  agreement  that  link  species  with  species, 
genus  with  genus,  and  order  with  order. 

The  section  exposed  during  his  excavation  is  as  follows : — ^Vege- 
table soil  2  metres ;  conglomerate  4  metres ;  brickearth,  with  few 
bones,  2  metres ;  ossiferous  bed  with  contents  lying  pell-mell,  but 
with  the  skeletons  entire  in  some  cases,  of  irreg^ar  thickness,  3 
metres ;  limestone  containing  recent  shells  forms  the  basis. 
The  following  is  a  list  of  the  animals  discovered : — 

Order  Qvadbuxana. 

1.  Family  Macacu)2b.  Species  Mesoptthecus  Pentelid,  Wagner.  A 
small  Old- World  Monkey,  allied  to  SemnopWueus  in  the  shape 
of  its  head,  in  its  limbs  to  Mcicacus,  The  abundant  remains 
show  that  the  animal  lived  in  troops.  Number  of  individuals 
found,  25. 

Order  Caknivora. 

^,  Family  Simocyonid^.  Species  Simocyon  dianhorus,  Gaudry.  In- 
termediate between  Ursus  and  Lupus ;  aUied  to  the  former  in  its 
elongated  lower  true  molar  2,  to  the  latter  in  its  lower  pre- 
molar 4  and  molar  1 .  It  was  an  omnivorous  animal,  of  about  the 
size  of  a  small  Panther.  Number  of  individuals  found,  2.  Fo- 
reign locality — Upper  Miocene  (^  Eppelsheim, 
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3.  Family  Mustelid^.  Species  Mustda  Pentelicl,  Gaudry.     Rather 

larger  than  the  existing  Mustela  of  Canada,  and  possessed  of  a 
longer  jaw  than  the  living  Mustelines;  characterized  by  a 
diastoma  between  premolars  2  and  3. 

Dental  formula  i  3.,  o,  p  m  1.  2.  3.  4.,  m  1.  2. 

Number  of  individuals  1. 

4.  Family  Mustelid^.      Species    Promephitis    Lartetii,    Gaudry. 

Closely  allied  to  the  Mephitis.  L^  carnivorous  than  the 
Martins  and  Stoats,  more  so  than  the  Otters  and  Moufettes. 

Dental  formula  H^- 3.°.  P"- 3.4.,  m  I.  2. 

1  i.  2.  o.f  c,  p  m  o.  4.,  m  1.  2. 

Number  of  individuals  1. 

5.  Family   VrvERRiDiE.    Species   Ictitherium  robustumf  Gaudry,  = 

Thcdassictisy  Qervais  and  Nordmann,=T.  viverrinus  of  Wagner. 
An  animal  far  larger  than  any  of  the  living  Viverrines,  pos- 
sessed of  enormous  masticatory  powers,  and  resembling  in  habits, 
most  probably,  a  small  dog-like  Hycma  bmnnea. 

Dental  formula  l-^if ^i.'o.P  'i_|- 2^34,JE  j^. 

1 1.  2.  3.,  c,  p  m  1.  2.  3.  4.,  m  L.  2. 

Number  of  individuals  9.  Foreign  locality — marine  deposit  at 
Kishinew,  in  Bessarabia,  which  contained  thirty-two  species  of 
marine  shells  referred  by  M.  d'Orbigny  to  the  age  of  the  Faluns 
of  Touraine  and  Bordeaux,  and  therefore  Miocene. 

6.  Family  Viverrid^.    Species  Ictitherium  hipparionum,  Gaudry,  = 

Hyctna  hipparionum,  Gervais.  A  much  larger  animal  than  the 
preceding.  Number  of  individuals  2.  Foreign  localities — Upper 
Miocene  of  Cucuron  in  Vaucluse,  and  of  Baltavar. 

7.  Family   Viverridjc.       Species    Ictitherium    Orhignyi,    Gaudry. 

Smaller  than  the  other  species  of  the  same  genus ;  intermediate 
in  size  between  the  Civet  and  the  Genet  of  India.  Number  of 
individuals  4. 

8.  Family  Hr^ENH)^.   Species  Hijcena  eximia.  Roth  and  Wagner. 

Slightly  larger  than  living  Hyaenas.  In  its  dentition  interme- 
diate between  H,  brunnea  and  U.  crocuta. 

Dental  formula  i  1- 2.  3.,  c,  pm  I.  2.  3.  4..  ml. 

i  1.  2.  3.,  c,  p  m  I.  2.  3.  4.»  m  1. 

Number  of  individuals  3.     Foreign  locality :  Upper  Miooene  o^ 
Baltavar. 
9s  Family  Kymsidm,     Species  Hyan/ui  {Lycyana)  ehosretU,  Gaudiy 
and  Lartet.     Closely  aJlied  to  the  striped  Hyeena. 

Dental  formula  i  l.  2. 3.,  o,  p m  1.  2.  3.  4.,  m  1. 

Number  of  individuals  2. 
10.  Family  HTiENiD^.  Species  Hyoemctis  Orceca,  Gaudiy.  About 
the  size  of  the  Spotted  Hyeena.  IJ^  possesses  four  premolan  in 
the  lower  jaw.  Number  of  individuals  I.  Foreign  locality — 
Upper  Miocene  of  Baltavar.  The  last  two  species  form  a  con- 
necting link  between  the  fiEimilies  of  H j»nidiB  and  YivemdBi 
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being  allied  to  the  latter  in  the  presence  of  the  first  premolar 
of  the  lower  jaw,  to  the  former  in  the  non-derelopment  of  the 
lower  true  molar  2.  The  passage,  indeed,  is  gradual  from 
Viverra  proper  through  the  genus  Ictitherium,  Hyamictis 
{Hycena)  charetis  into  Hyama  proper. 

11.  FamiljrFELiD-B.  Species  iftfc^trodti*  cuZ<ri<£m8,  Kaup.   Slightly 

larger  than  any  eidsting  Felts,  "  Le  roi  des  animaux  de  cette 
epoque  "  (Miocene).  Number  of  individuals  3.  Foreign  loca- 
lities : — Upper  Miocene  of  Baltavar  and^Eppelsheim ;  Pliocene  of 
Perrier  and  the  Val  d'Amo ;  [Pleistocene  of  Kent's  Hole.] 

12.  Family  FELiniE.  Genus  Felis.  At  least  of  the  size  of  the  Jaguar. 
Number  of  individuals  2. 

13.  Family  Felid^.  Genus  Felis.  Size  of  Panther  of  Africa,  but 
of  more  slender  build.     Number  of  individuals  2. 

14.  Family  Felid^.     Genus  Felis,     Intermediate  in  size  between 

Panther  and  Caracal,     Number  of  individuals  1. 
16.  Family  Feltd^.  Species  Felis  Attica,  Gaudry.     Larger  than  the 
living  Cat.     Number  of  individuals  1. 

Order  Eodentia. 

16.  Family  HTSTRiciniB.     Species  Hystrix  primigenia,  Gaudry.     A 

Porcupine  closely  allied  to  the  H,  cristata  of  Europe.  A  species 
has  also  been  found  in  the  Pliocene  of  the  Val  d'Amo,  in  Sicily, 
and  in  the  environs  of  Issoire.     Number  of  individuals  2. 

Order  Edentata. 

17.  Family    Anctlotherid^.      Species     Ancyhtherium    Pentelidj 

Gaudry.  Allied  to  Macrotherium  Sansaniense,  Lartct.  A  huge 
Edentate,  larger  than  Rhinoceros,  to  which  animal  it  is  allied, 
as  to  the  Mastodon  and  Pangolin,     Number  of  individuals  3. 

Order  Proboscidea. 

18.  Family  Elephantid^.  Species  Mastodon  Pentelid,  Gaudry  and 
Lartet.  Size  of  small  living  Elephant.  The  milk-molar  2  has 
two  coUines,  as  in  the  Tetralophodons  ;  and  the  milk-molar  3  has 
three  collines,  as  in  the  Trilophodons.   Number  of  individuals  2. 

19.  Family  ELEPHANTiniB.   Species  Mastodon  Turicensis,  Schinz,= 

M,  tapiroicUs  of  Blainville.  Size  of  large  Elephant.  Number 
of  individuals  2.  Foreign  localities — Middle  Miocene  of  Tou- 
raine,  San  Isidro,  Winterthur,  and  Odessa. 

20.  Family  DrNOTHERiD-s.   Species  Dinotherium  yiganteum,  Kanp. 

Much  larger  than  any  living  animal.  In  its  limbs  allied  to  the 
Elephant,  in  its  head  to  the  Lamantin.  Number  of  individuals  I. 
Foreign  locality — Upper  Miocene  of  Eppelsheim. 

21.  Family  Dinotherid^.  Genus  Dinotherium,  Of  the  size  of  the 
living  Elephant.  Number  of  individuals  1.  Foreign  locality — 
Middle  Miocene  of  Touraine. 

Order  Perissodacttla. 

22.  Family Rhinocbridje.  Species Bhinoceros pachygnaihii8,WtLgneT. 
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Of  the  aise  of  Bkhweeros  nmus  of  Africa,  iritbont  a  cloison, 
posdewed  (^  two  boms.  In  the  form  oi  its  head  allied  to  Mki^ 
no€ero9  bicorm$,  in  the  ahape  of  its  limbs  to  B.  simus. 

Ti     Ai^  1      ^^4     iO?,  cO,  pml.2.  3. 4,  inl.2.  3. 

Dental  formula,  DTA  ^     .  /      *^ — ,  >>  q^ — i  .7  »   - 

4       I  1.,  oO,  pm  1.  2.  3  4,  m  L  2.  3. 

Foreign  locality — Upper  If iocene  of  Eppelsbeim. 

23.  Family  Rhinocerid^.  Species  iJ.  <ScA/^i>rwiarA^ri,  Kaup.  Closely 

allied  to  the  Hhinoceros  of  Sumatra.  Foreign  locality — Upper 
Miocene  of  Eppelsbeim. 

24.  Family  Rhucockridjb.  Species  IZ^tnoc^rof — ?  Its  bead  is  larger 

than  that  of  any  known  species. 
26.  Family  Rhiw ocEan)  jb.  Species  Aceroiherium  —  ?  The  presence  oi 
this  species  is  indicated  by  only  a  lower  jaw. 

Dental  formula  41i2»  3.,cl,  pin^3.  4.  m  1. 13. 

i  1.  2.  3.,  c  1,  p  m  2.  3.  4,  m  1.  2.  3. 

The  bones  vary  in  size  to  such  a  degree  that  the  animal  has 
received  no  less  than  fourteen  distinct  specific  names,  which  the 
author  has  proved  to  be  invalid. 

26.  Family  Rhuiocerid^.  Species  Leptodon  Orcectts,  Gaudry.     This 

remarkable  animal,  known  by  only  one  lower  jaw,  containing 
pm  1. 2. 3. 4.,  m  1.2. 3.,  forms  a  link  between  Wnnoeeros  and 
PaUgotherium.     The  last  molar  is  trilobed. 

27.  Family  EauiDA.  Species  Hipparion  gracih,  Christol,=J7t/>po- 
iherium=  Eqims  jprimigenius,  Wapmer.  The  size  of  a  Zebra. 
Number  of  individuals  80.  Foreign  localities — Eppelsbeim; 
Cucuron,  in  Vaucluse  ;  Visan,  near  Perpignan ;  in  the  marine 
sands  of  Montpellier ;  in  the  basin  of  the  Rhone ;  at  Alcoy  aod 
Concud,  near  T^ruel,  in  Spain ;  at  Sutton,  in  Suffolk ;  in  Wiir- 
temberg  ;  Sternberg ;  Bessarabia  ? ;  in  the  Sevalik  Hills ;  and 
in  Nebraska. 

Order  ABTioDACTrLA. 

£8.  Family  Sumis.  Species  Sus  ertfrnanthius,  Roth  and  Wagner.  A 
gigantic  wiJd  Boar  with  its  head  one- third  larger  thaii  in  the 
existing  animal. 

Dental  formula  «'  1-  ^-  *%  0  1>  P»  1-  2.  3.  4.  m  1.  2.  3. 

i  1.  2.  3,,  0  1,  pm  1.  2.  3.  4.  m  1.  2  3. 

Number  of  individuals  12.  Foreign  locality :  Upper  Ifioccne 
of  Baltavar. 

Order  Buxhtaktia. 

20.  Family  GntAFiDiB.  Species  Camdopardalis  Atdca,  Omndry  and 
Lartet.  About  the  same  size  as  the  existing  Bpecies,  but  rather 
more  slenderly  built.     Number  of  individuals  3. 

30.  Family  HxLLABOTHSBn)^.  Species  HeOado^iaium  Duvemoyi, 
Oaudry.  A  hornless  species  allied  to  the  CHrafiey  Antelope,  and 
Deer.  The  teeth  resemble  in  form  those  of  the  Antelope, 
and  they  are  without  an  accessory  column.  The  animal  was 
ctouter  than  any  living  ruminant,  but  not  so  kfty  m  the  Oiiaffk 
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Number  of  individoals  11.  Foreign  locality — Upper  Miocene 
of  Baltavar  and  of  the  Sevalik  Hills. 

31.  Family  Antilofida.  Species  Palcnotragiu  Eouenii,  Gaudry.    A 

ruminant  with  horns  recurved,  oval  in  section  and  divergent. 
Molars  without  an  accessory  column,  which,  however,  is  present 
in  lower  true  molars  1  and  2.  It  is  allied  to  the  Giraffe,  Deeri 
and  Antelope.     Number  of  individuals  3. 

32.  Family  AimLOPin^.    Species  Palcearyx  PaUaniy  Gaudry.     A 

subgenus  of  Antelope,  allied  to  the  Oryx.  The  accessory 
column  is  present  in  the  upper  true  molars  2  and  3.  It  has  no 
larmiers.  Homcores  recurved  and  oval  in  section.  It  is  the 
largest  of  the  Antelopes,  and  has  Oryx  Uwcophceus  for  its  nearest 
living  aUy.     Number  of  individuals  3. 

33.  Family  Antilopid^.  Species  jRiZcRor?/a?|)arvtc?etw,  Gaudry.  One- 

third  smaller  than  the  preceding,  while  the  homcores  are  quite 
as  large.     Number  of  individuals  2. 

34.  Family  Antilopid^.  Genus  Antilope.  The  anim£d  is  only 
known  by  one  gigantic  homcore. 

36.  Family  AirriLOPiD^.  Si^ecies  Tragocerm  Amaltheus,  Qandry,  Of 
the  size  of  a  small  Deer,  allied  to  the  Goats  in  the  shape  of  its 
homcores ;  in  other  respects  to  the  Antelopes.  No  larmiers. 
Homcores  compressed  and  triangular  in  section  at  the  base. 
The  bones  present  many  variations  which,  were  it  not  for  the 
gradations  obser\'able  in  a  large  series,  might  be  considered  dif- 
ferences of  specific  value.  Number  of  individuals  60.  Foreign 
locality — Upper  Miocene  of  Cucuron. 

36.  Family  Antilopid^.  Species  Tragocerus  Valendennesi,  Gaudry. 

It  differs  from  the  preceding  by  its  slightly  smaller  size  and  less 
compression  of  the  horr  cores.     Number  of  individuals  2. 

37.  Family  Antilopidje.    Genus  Antilope.     This  species  is  based  on 

a  skull  of  the  same  form  as  that  of  Tragocertis  Amaltheus ;  but 
the  homcores  are  different. 

38.  Family  ANxiLOPmiB.  Genus  Antilope?  This  species  has  not 
been  determined. 

39.  Family  Antilopid^.  Species  Palceoreas  Lindermayeri,  Gaudry. 
A  subgenus  of  Antilope,  with  spirally  twisted  straight  hom- 
cores in  adult ;  allied  to  Oreas  and  to  OazeUa,  In  the  young  the 
spird  is  not  deeply  impressed  on  the  homcores;  accessory 
column  present  in  upper  molars.  The  animal  is  larger  than 
OazeUa  dorcas.     Number  of  individuals  36. 

40.  Family  AktilopedjE.  Species  Antidoreas  ?  JRothii,  Gaudry.     This 

species  is  based  on  a  pair  of  homcores  and  a  frontlet ;  they  are 
spirally  twisted,  and  together  assume  a  lyrate  form.  Number 
of  individuals  6. 

41.  Family  Ain:iLOPiD-aB.  Species  Qazella  hrevicamis,  Gkiudry.   About 

the  size  of  the  OazeUa  dorcas,  from  which  animal  it  differs  in 
the  presence  of  accessory  columns  in  the  teeth,  and  in  the  thick- 
ness of  the  homcores.  It  is  closely  allied '  to  Antilope  deper^ 
dita,  G^rvais.  Number  of  individuals  60.  Foreign  locality— > 
Upper  Miocene  of  Baltavar,  Cucuron,  and  Conoud. 
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42.  Family  Moschida.  Species  Dremotlurlum  Penteliei,  Gaudry.    A 

small  hornless  ruminant  of  about  the  size  of  a  Musk  Deer  and 
allied  to  the  Dremothere  of  Eppelsheim.  Number  o^  indivi- 
duals 2. 

43.  Family  MoscHiD^.  Sj^cies  Dremotherium — ?;  known  only  by  a 

lower  jaw  larger  than  that  of  the  Gazelle,  smaller  than  that  of 
the  Sheep  or  Goat. 

Ayes. — Order  GAixiKiB. 

44.  Family  Galltnacejr.  Species  PAa«tawu« -4rc^u?t,  G^audry.    One- 

quarter  larger  than  the  common  Pheasant.  Number  of  indivi- 
duals 2. 

45.  Family  Gallikace£.  Species  Oallus  JSseuIapn.     A  bird  of  the 

size  of  a  very  small  Cock.     Number  of  individuaLs  2. 

46.  Family  Gallinace^.  Species  doubtful  A  bird  of  the  sixe  of  a 
Cock.     Number  of  individuals  2. 

Order  Grallatoees. 

47.  Family  Ctjltieostres.  Species  O-nis  Pentelict,  Gaudry.  A  bird 
larger  than  the  Ash-coloured  Crane.     Number  of  individuals  2. 

48.  Family  Culttrostres.  Species  ?  A  wader ;  known  only  by  a 
humerus  of  the  size  of  that  of  the  largest  Stork. 

Reptilia. — Order  Chelonia. 

49.  Family  Chelonia.  Species  Te^tudo  Marmoreum.  A  Tortoise  of 
the  same  size  as  T.  marginata,  now  living  in  Greece.  Number 
of  individuals  2. 

Order  Saitbta. 

60.  Family  Moiotores.  Species  Varanus  —  ?    This  species  is  based 
on  a  vertebra  indicating  an  animal  of  the  same  size  as  the  laige 
Monitor  now  living  in  Africa  and  Asia. 
Along  with  these  remains  M.  Gaudry  met  with  one  isolated  spe- 
cimen of  Helix, 

The  whole  of  the  animals  enumerated  belong  to  35  genera,  of 
which  20  are  extinct,  and  to  51  species,  of  which  all  are  also  extinct 
To  the  list  of  Mammals  the  author  also  adds  Chalicotherium^  of  the 
size  of  a  Rhinoceros,  and  the  genus  Orasitts  proposed  by  Dr.  Wagner. 

This  remarkable  assemblage  of  animals,  all  of  which  are  utterly 
extinct,  points  out  the  geological  age  of  the  Brick-earth  of  Pikermi 
to  have  been  Upper  Miocene  or  Early  Pliocene.  The  fauna  is  for  the 
most  part  African  in  tj^,  and  proves  that  Greece  was  moat  intimately 
connected  with  the  mainland  of  Africa  during  Miocene  times.  In 
the  deposit  of  parallel  age  at  Baltavar  and  Eppelsheim,  no  African 
types  have  been  found, — a  fact  which  may  be  accounted  for  on  the 
hypothesis  that  those  formations  contain  the  remains  of  a  more 
northern  group  of  Mammals,  whence  the  inference  may  be  drawn 
that  Europe  in  Miocene  times  was  divided  into  zones  of  life,  as  in  the 
Pleistocene  and  recent  periods.  The  development  of  Mammala  in 
Europe  in  ^mt  oi  gvife  i^»fc\i'ed  ^  maximum  in  the  animalB  of  Pikermi ; 
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and  some  of  them  form  links  between  different  genera.  The  genus 
Hipparion  forms  a  link  binding  the  genus*  Equus  to  the  genus  Rhi~ 
noceros ;  for  its  members  have  small  hoofs  on  either  side  of  the  prin- 
cipal one,  as  in  the  latter  genus,  a  peculiarity  which  has  been  ob- 
served by  several  eminent  naturalists  in  malformed  horses.  Accord- 
ing to  this  view  the  malformation  in  the  living  horse  would  simply 
be  a  recurrence  to  ancestral  types  of  the  early  Pliocene  and  later 
Miocene.  The  Ictitherium  also  is  a  link  between  the  Hysenidse  and 
the  Yiverridse,  and  is  considered  by  the  author  to  be  the  ancestor  of 
all  the  diversified  forms  of  the  Hysenidse.  In  like  manner  Bhino- 
eeros  pachygnaihus  has  handed  down  its  characters  to  two  colla- 
teral branches,  R.  simus  and  R.  bicomis  of  Africa.  In  fine,  the  in- 
termediate character  of  the  fauna  of  Pikermi,  allied  on  the  one  hand 
to  preceding  Eocene  and  Miocene  types,  and  on  the  other  to  more 
specialized  and  more  recent  Mammals  of  the  Pliocene  and  Pleisto- 
cene epochs,  as  well  as  to  those  now  living,  is  considered  by  M. 
Gaudry  to  be  explicable  only  on  the  theory  of  descent  with  modifi- 
cation, proposed  by  the  author  of  the  *  Origin  of  Species.'  [W.B.  DJ 


On  the  Coal-Plaitts  of  Ostowan  and  Bossirz  (Mo&avia). 

By  Mr.  D.  Stur. 

[Proceed.  Imp.  Geol.  Instit.  Vienna,  April  1866^.] 
The  deposits  of  these  localities  have  lately  been  stated  by  Prof. 
H.  B.  Geinitz  to  belong   to   the  Carboniferous  period,  and  to  be 
analogous  to  the  strata  of  Wottin,  Jlefeld,  Stockheim,  and  Ebendorf. 
The  vegetable  remains  are  distributed  in  them  as  follows : — 

Roof  of  the  \8t  {uppermost  and  principal)  Coal-bed. 


Asterophyllites  equisetiformis,  Schloth., 

sp. 
Neuropris  auriculata,  Brongn, 

Loshi,  Brongn. 

Cyatheitee  dentatus,  Brongn, 
-^^  arboresoens,  Schloth.,  sp. 


Stigmaria  ficoides,  Brongn. 
Sphenopteris  artemisiaeformis,  Stemb, 
Lyeopodites  piniformis,  Schloth. 
Odontopteris  Sohlotbeimi,  Brongn,. 
Lepidopbyllum  mi^us,  Brongn. 


Foot  of  the  1st  Bed. 
Aletbopteris  Serli,  Brongn. 

Roof  of  the  2nd  Bed, 


ABterophyllites  equisetiformis,  Schloth.^ 

sp. 
Odontopteris  minor,  Brongn. 
Noegeerathia  palraaeformis,  Gopp, 
Annmana  iongifolia,  Brongn. 


Cyatheites  arborescens,  Schloth.,  sp. 
oreopteridis,  St^mb.,  sp. 


Equisetites  infiindibuliformis,  Brongn, 
Sphenophyllum  oblonfifoliam 
Odontopteris  Brardi,  Brongn. 


Cyatheites  dentatus,  Bronan. 

th.f  sp. 


arboresoens,  Schloth.^  sp 
^—  argutus,  Brongn.,  sp. 
Annularifr  iphenophylloides,   ZenJcen. 
sp. 


Cardiocarpon  marginatum,  ArtU,  sp. 
Annularia  sphenophylloides,  Zenken^ 
sp. 

Third  {Lower)  Bed. 

Annularia  longifolia,  Brongn. 
Asplenites  (Sphenopteris)  Yirleti, 

Brongn. 
Dictyopteris  Brongniarti,  Gutb, 
Odontopteris  Schiotheimi,  Brongn. 
Noeggeratbia  palm»fonnii,  Giip^ 
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It  may  be  remarked  that  SigUlaria  and  Calumites  are  completely 
absent,  and  that  fern9  are  by  far  predominant.  This  is  the  reason 
why  Prof,  (ieinitz  ranks  the  coal-beds  of  Oglossan  and  Kossits 
amoujj:  his  "  titlh  or  newest "  zone  of  Carboniferous  deposits ;  and,  in 
fact,  th(>  Rossitz  strata  are  immediately  and  conformably  overlain  by 
those  of  the  New  Ked  Sandstone.  [Cocirr  M.] 


On  Fossil  Coraxs.     By  Prof.  Rextss. 
[Proceed.  Imp.  Aoad.  Vienna,  July  18,  1867.] 

KnMAixs  of  corals  are  contained  in  three  of  the  subdiTisions  of  the 
oldrr  Tertiaries  of  the  south-eastern  Alps,  cstabliished  by  Prof.  E. 
fSucss,  but  most  abundantly  in  the  more  recent  of  them,  the  strata 
of  C.'asteljxomberto,  where  eighty-two  species  are  found,  of  which 
sixtnii  only  are  known  to  occur  in  other  localities.  Their  imix^rfect 
states  of  preservation  h;is  proved  an  insurmountable  obstacle  to  the 
dt^erini nation  of  a  larj^e  number  of  these  remains.  The  sixteen 
])r<'vionsly  known  sjH'cios  have  beeu  found  also  in  the  calcanous 
]\'uinniulitie  marls  ot' Oborburg  (Styria).  Some  of  the  forms  from 
the  latter  lotMlity  have  not  been  noticed  in  the  Castclgomberto  stnitn, 
— a  I'art  which  may  probably  indicate  that  they  belong  to  a  somewhat 
lower  horizon.  As  a  whole,  the  strata  of  Castelgomberto  are  un- 
doubtedly referal)le  to  the  same  geological  horizon  as  those  of  Ober- 
burji:,  anil  the  lower  marine  sands  of  Weinheim,  in  the  Mayence 
basin.  Their  coral-fauna,  however,  is  totally  different  (a  necessary 
conse«|uenee  of  their  difi'erent  modes  of  deposition) — the  strata  of  the 
Yieentin  being  the  remains  of  gigantic  coral-reefs,  while  the  sands 
of  the  Mayence  basin  supported  only  a  few  small  solitary  corals. 
Another  locality  in  the  same  horizon  is  Gaas,  in  the  south  of  France, 
whose  coral-fauna  requires  further  elucidation.  Several  of  the  Gaas 
spcoies  are  identical  with  those  of  Castelgomberto ;  and  it  is  probable 
tliat  deposits  of  the  same  ago  may  be  found  overlying  the  older  Ter- 
tiaries of  the  llala  mountains  in  Eastern  India.  Repeated  exami- 
nations of  the  badly  preserved  coral-remains  from  Waschberg  (about 
five  Austrian  mile^  N.N.E.  of  Vienna)  have  enabled  the  author  to 
determine  the  specific  identity  of  some  of  them  with  those  of  Castel- 
gomberto. [CoujfT  M.] 
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OF 
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Bone-Caves  in  Pobtugal.     By  Senhor  J.  F.  N.  Delgado. 

[CommiBsao  Geologica  de  Portugal.  Estudos  G«ologioo8.  Da  Existencia  do 
Homen  no  nosso  solo  em  Tempos  mui  remotos  provada  pelo  estudos  das  cayemas. 
Primeiro  opusculo.  Noticia  Aoeroa  das  C^tas  da  Uesareda.  Por  J.  F.  If. 
Delgado.    Com  a  versao  em  Franoez  por  M.  Dalhunty.] 

Ik  this  first  instalment  of  a  work  on  the  former  existenoe  of  man 
in  the  caves  of  Portugal,  Senhor  Delgado  publishes  the  results  of 
his  labours  in  the  caves  in  the  Jurassic  limestone  of  Cesareda. 
After  entering  into  the  general  question  of  the  origin  of  caverns, 
he  describes  the  contents  of  the  three  which  he  explored.  The  first 
of  these,  the  Casa  da  Moura,  contained  deposits  of  two  very  distinct 
ages,  which  together  varied  in  thickness  from  two  to  four  metres. 
The  inferior  rested  on  the  stalagmite,  and  consisted  of  sand  mixed 
with  fragmente  of  rock.  It  yielded  fragments  of  charcoal,  one  bone, 
and  many  flint  implements.  A  human  skull  and  lower  jaw  were  also 
obtained  from  its  deepest  part;  but  as  the  surrounding  matrix  had 
been  disturbed,  they  were  probably  buried  at  a  time  subsequent  to 
the  formation  of  the  deposit.  The  other  bones  and  teeth  indicated 
the  presence  of  the  following  animals : — No  less  than  five  species  of 
Felts,  two  species  of  Canis  (C.  Lupus,  and  a  form  larger  than  any 
fox  known  to  the  author),  a  species  of  large  carnivore,  a  species  of 
Cervus,  HypucUxus  amphibius,  Lepus  cuniculus,  and  Erinaceus  com~ 
fnunis.  The  remains  of  the  rabbit  were  most  abundant,  and  were 
for  the  most  part  broken.  None  of  the  bones  of  the  latter  had  been 
subject  to  the  action  of  fire,  nor  did  they  present  any  trace  of  gnawing. 
The  bones,  charcoal,  and  fiint  implements  the  author  considers  to  have 
been  introduced  by  man,  who  inhabited  the  cave  at  some  early  period. 
The  upper  deposit  is  composed  of  a  sandy  loam,  containing  a  largo 
quantity  of  stones  and  a  vast  quantity  of  objects  fabricated  by  man, 
such  as  hatchets  of  polished  stone  of  the  Celtic  type,  of  flakes,  and 
other  instruments  of  flint,  bone,  and  antler ;  many  fragments  of  black 
pottery  coarsely  made  with  bits  of  calcareous  spar,  of  splinters  of 
flint,  of  small  fragments  of  celts,  and  of  plates  of  schist  with  designs, 
which  perhaps  may  have  been  used  as  amulets.  There  were  also 
many  shells  of  Helix  nemoralis  and  cockles,  some  of  which  were 
pierced  for  suspension.  Fragments  of  charcoal  were  scattered  through- 
out the  matrix,  and  adhered  in  small  patches  to  some  of  the  pottery 
and  to  the  pebbles,  which  had  been  probably  used  in  constructing  fire- 
places. In  the  lowest  portion  of  the  deposit  a  bronze  arrow-head 
was  buried.  The  most  abundant  remains  were  those  of  man ;  they  were 
to  be  counted  by  thousands,  and  were  all  in  a  condition  more  or  less 
fragmentary,  and  so  scattered  that  it  was  impossible  to  construct  one 
peHect  skeleton  out  of  them.  Some  bones  were  far  more  abundant 
than  others ;  but  the  teeth,  which  for  the  mosi;  part  belonged  to 
young  or  fully  grown  adults,  were  particularly  abundant.  The  long 
bones  had  lost  for  the  most  part  their  articular  ends,  and  presented 
longitudinal  fr^otares ;  and  some  of  them  had  been  cut  and  scraped. 

vox.  XXIV. — PABT  II.  ^ 
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The  spongy  bones,  such  as  the  vertebra)  and  ribs,  were  very  rare. 
Their  condition  seems  to  indicate  that  the  men  to  whom  they  be- 
longed had  been  eaten  for  food.  The  pottery  bore  an  ornament  of 
continuoas  linos,  or  of  rows  of  dots.  The  associated  animals  consist 
of  the  bat,  the  wolf,  the  fox,  and  a  species  of  Canis,  the  wildcat,  the 
dormouse,  the  rabbit,  the  horse,  deer,  and  the  sheep,  or  goat.  This 
assemblage  of  the  remains  of  different  animals  associated  with  the 
traces  of  man's  handiwork  is  accounted  for  by  the  author  on  the  sup- 
position that  the  cave  had  been  used  as  a  burial-place  by  a  tribe  of 
cannibals,  who  slaughteied  their  slaves  and  prisoners,  and  who  buried 
the  relics  of  their  funereal  feasts  w^ith  the  ashes  of  the  dead,  and  with 
the  implements  that  he  was  to  use  in  a  world  of  spirits. 

The  author  explored  also  two  other  cave  us  in  the  neighbourhood, 
that  of  Lapa  Furada,  and  of  the  Cova  da  Moura  ;  both  furnished  re- 
mains analogous  to  those  of  the  upper  depo.it  of  the  Casa  da  Moura. 
From  Lapa  Furada  he  obtained  a  fragment  of  a  lower  jaw,  which 
ho  refers  to  the  Ursus  arcfos.  [W.  13.  D.] 

On  a  Species  of  Felis,  of  Ux^us,  and  of  llnixocEK03,/rowi  a  Boxe- 
CAVE  in  the  Maritime  Alps.     By  M.  E.  Lartet. 

[Siir  deux  tetcs  de  Carnassiera  Fossilcs  ( Ursus  et  Fclis),  ot  8ur  quelques  dcbrii 
de  Rhinoceros,  provenant  dcs  ddcouTcrtes  faito«  par  M.  Bon pgiii gnat  dans  1« 
cayemes  du  Midi  de  la  France.  Par  M.  £d.  Lartet.  Annales  des  Science*  na- 
turelles,  5*  H^ric,  tome  viii.  p.  157,  pi.  ix.] 

The  well-known  researches  of  M.  Bourguignat  in  1 866  have  fur- 
nished M.  Lartet  with  the  subject  matter  of  tliis  most  important  essay. 
There  were  associated  in  the  Cavern  of  Mars,  situated  eight  kilo- 
metres from  Vance,  the  skull  of  a  bear,  that  of  a  lion,  tho  remains 
of  rhinoceros,  Sus,  Lepus,  and  two  species  of  deer. 

Ursus  Bouryuigiuiti  (Iiartet). — The  bear's  skull  diffei*8  remarkably 
from  all  tho  living  members  of  tho  genus,  except  the  Urstis  man- 
timtis,  and  from  all  the  fossil  ones,  with  the  exception  of  the  Ursiu 
priscm  of  Goldfuss  and  the  Ursus  planifrons  of  Mr.  Denny.  From 
these  three  also  it  is  separated  by  points  of  difference,  which 
M.  Lartet  believes  to  be  of  specific  value.  In  the  U,  Bourguignaiiy 
tho  palate  is  much  narrower  than  in  U,  priscus.  The  two  series 
of  molar  teeth  do  not  converge  so  much ;  and  their  number  is  six 
on  each  side,  on  account  of  the  persistence  of  the  two  small  simple 
premolars,  of  which  one  is  situated  in  front  of  premolar  4,  and 
the  other  immediately  behind  the  canine.  In  other  respects  there 
is  the  same  dental  arrangement  as  in  U.  lyriseus,  except  that  tho 
diastema  between  the  two  small  premolars  is  greater.  The  camasBial, 
or  premolar  4,  has  its  antero-extemal  lobe  higher  and  its  internal 
talon  is  less  developed.  Tho  differences  between  the  true  molars 
are  less  strongly  marked,  and  therefore  more  difficult  to  determine. 
A  comparison  with  Ursus  planifrons  shows  that  the  palate  of  that 
animal  is  proportionally  much  wider  than  in  tho  French  species. 
Nothing  can  be  predicated  of  the  form  of  the  teeth,  because  they  are 
all  wanting  in  the  former  skull.  In  the  polar  bear  the  palate  is 
narrowoT  lYian  m  \)\<b  'St^xvOti  ^^^|^\^^  the  two  rows  of  molan  have 
the  same  uumotieisX  iotmxi^Sb  ^x^VosX^'^^l  ^j^'d^^scsqsbi^y^  Croot,  as 
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in  the  two  preceding  fossil  species,  with  w^hich  U,  Bourr/uif/nati  has 
been  compared^  they  approach  one  another  behind),  the  diastema 
between  the  two  simple  premolars  is  longer,  and  premolars  3,  4,  true 
molars  1, 2,  occupy  less  space  in  the  alveolar  edge,  while  their  trans- 
Tcrse  diameters  are  greater.  In  the  camassial  tooth,  the  internal 
talon  is  smaller,  and  instead  of  being  raised  by  a  stout  tubercle,  it 
presents  normally  only  low  rounded  bosses  on  a  base  but  slightly 
extended  backwards. 

Felis  leopardus  ?  var.  fossilis  (Lartet). — The  skull  of  the  Felts  is 
about  the  size  of  that  of  the  largest  panthers  of  Africa.  It  ap- 
proaches in  its  dimensions  the  skull  of  the  variety  living  in  Mo- 
rocco, but  still  more  closely  the  variety  now  found  at  the  Cape  of 
Good  Hope.  There  arc,  however,  appreciable  differences  observable 
between  the  fossil  and  the  recent  form.  The  canines  of  the  fossil 
are  longer,  and  their  siUons  are  deeper.  The  lateral  incisor  has  a 
stronger,  the  second  a  weaker  fang.  The  small  mono-farged  pre- 
molar has  its  crown  smaller,  less  compressed,  and  disposed  more 
obliquely  to  the  alveolar  edge ;  it  is  also  nearer  the  canine  and 
isolated  somewhat  from  premolar  3.  The  latter  is  stouter  than 
in  the  Cape  leopard,  thicker  behind,  where  its  basilar  cusp  rests  on 
a  stoutly  developed  talon.  The  accessory  antciior  is  situated  more 
on  the  inside.  The  fourth  premolar,  or  carna}>sial,  is  equally  larger 
in  its  proportions  ;  its  talon  is  less  detached  from  the  anterior  blade 
than  in  the  existing  leopard.  The  true  molar  was  implanted  by  two 
fangs ;  but  as  its  crown  is  broken,  it  is  impossible  to  say  whether 
it  presented  any  differences.  In  the  panther  of  Morocco,  the  space 
occupied  by  the  molar  series  is  the  same  as  in  the  fossil.  The  small 
anterior  premolar  has  its  crown  directed  at  a  greater  angle  to  the 
alveolar  border,  and  the  premolar  3  has  a  greater  antero-posterior 
extent,  and  is  without  the  small  anterior  accessory  cusp. 

These  diflferences  of  proportion  do  not  seem  to  M.  Lartet  suffi- 
ciently important  to  prove  that  the  Fells  of  the  Cavern  of  Mars  be- 
longs to  an  extinct  species. 

BJunoceros  Merkii  (Kaup). — Associated  with  the  two  preceding 
skulls  were  the  remains  of  a  lihinoceros,  which  have  led  M.  Lartet  to  a 
most  important  inference  about  the  nomenclature  of  one  of  the  four 
Pleistocene  species  found  in  Great  Britain.  In  the  year  1830*,  Jiiger 
figured,  under  the  name  of  H.  Kirl-erhenfensls,  teeth  found  in  Baden 
and  Wiirtemberg ;  two  years  afterwards,  in  1841,  Dr.  Kaupf  de- 
termined the  species,  and  changed  its  name  into  li.  Merhii.  In 
1846J,  Professor  Owen  described  the  remains  of  a  Ehinoceros  with 
a  demicloison,  from  Clacton,  as  belonging  to  li.  leptorhinns  of  Cmier, 
or  the  Rhinoceros  without  a  cloison.  Duvemoy  proposed  provision- 
ally, in  1853  §,  for  the  remains  at  Clacton  the  name  o£  11,  proticho^ 
rhinus.  About  the  same  time  M.  Gcrvaisjl,  lighting  on  the  so-called 
i2.  minutus  of  the  cave  of  Lunelvicl  (described  in  1834  by  MM.  do 
Serres,  Dubreuil,  and  Jeanjean),  imposed  the  name  of  R.  LuncVensis, 

*  Foss.  Siiug.  Wiirt.  1839,  p.  179,  tab.  xv.  figs.  31,  32,  33. 

t  Akten  dcp  Urwelt,  1841,  p.  0,  tab.  i.,  ii. 

t  Brit.  Foss.  Mamm.  184(»,  p.  350,  figs.  131-141. 

S  Arch,  du  Mus.  d'llist  Nat.  1853,  t.  vii.  p.  09. 

I  ZooL  ct  Val  Franc.  1«  edit.  p.  46. 
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In  the  same  year  M.  Pomel*  described  the  remaiiis  of  R,  Merhix,  which 
were  found  in  certain  deposits  in  Velay,  under  the  name  of  Atelodvs 
Itpiorhinus.  M.  Aymardf,  in  1855,  confused  the  remains  of  four  spe- 
cies of  Rhinoceros  together,  and  described  R,  i/«r^t?*,with  some  others, 
under  the  name  of  R»  m^sotropm.  Lastly,  Dr.  Falconer  %  assured 
himself,  by  personal  examination,  that  the  R.  leptorhimts  of  Milan,  de- 
scribed by  Cuvier,  could  not  be  confounded  with  the  R.  Ifpiorhimis  of 
Clacton,  described  by  Professor  Owen ;  for  the  latter  he  proposed  the 
name  of  R,  hemitcechus,  in  ignorance  that  this  Rhinoceros  k  narines 
demi-cloisonn<5es  was  specifically  identical  with  that  described  long 
before  by  Dr.  Kaup,  under  the  name  of  R.  Merhii,  Tlie  skull  foimd 
at  Daxland,  near  Carlsnihe,  in  1807,  was  described,  in  1864§,  by 
Hermann  von  Meyer,  under  the  name  of  R,  Merhii,  It  is  considered 
by  M.  Lartet  to  belong  to  R,  etruscus. 

In  working  out  the  synonymy  of  this  species,  M.  Lartet  has  made 
it  possible  to  trace  the  former  range  of  the  animal.  In  England  its 
remains  are  found  in  the  Lower  Brick-earths  of  the  Thames,  and  in 
sundry  bone-caverns.  In  France  they  have  been  found  in  the 
fluviomarine  sands  of  Montpellier,  in  the  Pleistocene  river-deposits, 
and  also,  though  more  rarely,  in  caverns  ;  in  Germany,  in  the  dis- 
tricts of  Baden  and  Wiirtemberg ;  in  Italy,  in  the  Pliocene  deposits 
of  Plaisantin,  of  the  Milanais,  and  of  Tuscany,  as  well  as  in  the 
Pleistocene  deposits  of  the  environs  of  Rome.  Teeth  of  the  same 
species  have  been  found  in  the  caverns  of  Spain,  and  characteristic 
fingments  have  also  been  furnished  by  a  cavern  near  Algiers,  where 
they  were  buried  with  the  remains  of  elephants  (ElepJias  Afrtcanm  ?), 
of  Phacochcere,  of  Hycena  (H.  spdcea  ?,  erocuta  ?),  of  panther,  of  porcu- 
pine, &c.,  together  with  human  bones  and  worked  flints.  Thus  the 
habitat  of  i?,  Merl-ii,  verified  up  to  the  present  time,  is  bounded  on  the 
one  hand  by  the  51°  of  north  lat.,  on  the  other  by  the  36°,  with  an 
extension  in  longitude  of  17°.  It  is  almost  identical  with  the  area 
occupied  by  R.  leptorhimis  (Cuvier)  and  R,  etruscus,  which  are  found 
equally  in  Germany,  France,  Spain,  and  England ;  but  it  is  much 
less  than  that  of  R,  tiehorhinus,  tho  range  of  which  in  latitude  is 
more  than  30°,  from  the  Pyrenees  in  the  south  to  the  72nd  parallel 
in  Siberia,  over  almost  130°  in  longitude. 

M.  Lartet  believes  that  Europe,  in  the  Glacial  epoch,  was  pos- 
sessed of  a  milder  and  more  equable  climate  than  that  now  found 
in  the  temperate  regions,  because  it  was  broken  np  into  islands 
during  the  time  of  the  great  Boulder-clay  deposits  ;  that  after  the 
retreat  of  the  glacial  seas,  it  was  exposed  to  the  conditions  of  a 
continental  climate  ;  that  the  summers  were  hotter  and  compelled 
the  reindeer  and  musk-sheep  to  emigrate  to  Arctic  latitudes  better 
fitted  for  the  needs  of  their  life.  On  the  other  hand,  the  disap- 
pearance or  extension  of  the  hippopotamus,  of  certain  species  of 
rhinoceros^  and  of  the  great  camivora  may  have  been  the  result  of 
the  increased  cold  of  the  winter.  [W.  B.  D.] 

*  Cat  M^t.  1853,  p.  79. 

t  Congr^  «d«ii^fi^\xft^e¥rwioe,  1855,  t.  i.  p.  270. 

iPalaontog;mp\aG«\lJUsixic^^^  V:^2iS(^xafi«^>a&V  vol.  ii.  p.  300  4t  9eq, 
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The  Silurian  Cephalopods  of  Bohemia  ;  and  the  Grouping  of 
Orthoceratitbs.     By  Joachim  Barrande. 

[S^st^me  Silupien  du  Centre  de  la  Boh^mo,  par  Joachim  Barrande.  l^o 
Partie.  Recherches  Pal6ontologique8.  Vol.  ii.  C^phalopodes,  3™e  B^rie,  pi. 
245-550.    Forme«  droites.    Groupement  des  Orthodres.] 

In  this  series,  M.  Barrande  describes  the  straight  forms  of  the 
Silurian  Cephalopods  of  Bohemia,  which  include  the  genera  Bactrites, 
Bathmoceras,  Tretoceras,  and  Orthoceras,  tliis  last  division  comprising 
the  subgenera  Iluroiwi,  Endoceras  and  Gonioceras, 

The  three  types  Bacirites,  Bathmoceras,  and  Tretoceras  arc  repre- 
sented in  the  Bohemian  basin  bj  only  4  species;  the  subgenus 
Endoceras  furnishes  only  2  representatives  (0.  pcregrinuyn  and  0. 
novator) ;  while  the  subgenera  IJuronia  and  Gonioceras  do  not  exist 
in  Bohemia. 

Of  430  species  or  varieties  of  the  genus  Orthoceras,  about  one-half 
are  figured  in  the  present  series.  It  was  the  intention  of  the  author 
to  propose  a  classification  of  this  genus  corresponding  as  nearly  as 
possible  to  the  natural  order  of  its  species ;  but  the  hope  of  being  able 
to  complete  his  researches  among  some  of  the  moat  important  forms 
at  present  but  imperfectly  known,  and  the  difficulty  of  arriving  at  a 
satisfactory  arrangement,  have  decided  him  to  propose  a  provisional 
classification. 

This  classification  consists  in  grouping  the  Orthoceratites  accord- 
ing to  the  most  salient  characters,  either  of  general  form  or  external 
surface.  These  superficial  or  external  characters  are  not  founded 
upon  the  variations  of  the  principal  organs  of  the  mollusks,  which 
it  would  have  been  desirable  to  takeas  the  basis  of  subdivision. 
The  almost  invariable  conformation  of  the  aperture  in  Orthoceras 
does  not  furnish  any  means  of  distinction  derived  from  the  form 
of  the  head  and  of  the  arms  or  appendices ;  and  the  inaccessibility 
to  observation  of  the  elements  of  the  internal  structure  of  the 
shell  seems  to  reduce  the  grouping  of  this  typo  to  the  employment 
of  the  differences  which  are  observable  in  their  external  appear- 
ance. By  this  arrangement  the  species  of  this  genus  are  first  of 
all  separated  into  two  principal  sections,  founded  upon  their  general 
conformation — the  one  having  a  short  cone,  with  an  apical  angle 
relatively  large,  the  other  having  a  prolonged  cone  with  the  apical 
angle  relatively  small. 

These  two  sections  are  distinguished  by  the  names  of  short-coned 
Orthoceratites  {Orthoceres  hr6oic6nes)  and  long-coned  Orthoceratites 
(J}rthoceres  longicones).     To  facilitate  the  study  of  the  form^  ol  'VjMi 
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latter  soctioii,  it  is  subdivided  into  four  catcgorit.'Sy  two  pru\"i.sion;i] 
(fnni.<itolrts)  j^ruups  being  adopted  for  all  those  forms  which,  haviii« 
lost  their  sliell,  have  lust,  at  the  same  time,  the  means  of  distincti'-n. 
Tliese  catej^ories  are  very  unequal,  some  of  them  containing  a  very 
considerable  ninnber  of  (irthoceratitcs.  But  in  compaiing  the  specie? 
aec  onlin.2j  to  tin-  most  marked  affinities  of  the  ornaments  of  the  sur- 
fa<e,  it  is  easy  in  subdivide  each  category  into  diflerent  groups,  ana- 
lo^ou-^  to  thosi'  wbitli  L.  von  Buch  has  established  among  the  Am- 
monites, muler  the  name  of  families. 

It  has  been  tli ought  convenient  by  the  author  to  leave  out  of  thcH" 
en tegorirs,  wbieli  are  princijially  foimded  upon  the  Orthocoratitcs  i.f 
tlio  'I'bird  Silurian  launM,  the  subgenus  EmioceraSf  Hall,  which  cun- 
tains  s])ecies  exclusively  belonging  to  the  Second  fauna,  and  which  i> 
.str.)ngly  eliaraeterized  by  the  form  of  ita  siphon. 

In  tbe  sime  way,  the  jjceuliar  conformation  of  the  siphon  in  the 
fossil<  oriujinallv  namrd  Ilnronia  by  C.  Stokes  confinns  the  author 
in  maintaining  tliein  as  a  subgenus  under  the  same  denominati'-n. 
The  biui/i»n  frniii  wliich  these  fossils  come,  in  the  Dnimmond  Isle  of 
L.ike  Humn,  is  stated  to  cori'espond  with  that  of  the  Clinton  a!:J 
Niapira  giou])  in  the  State  of  New  York — that  is  to  say.  to  the  lir>t 
])li:ise  of  tbe  Third  fauna.  But  this  stratigrapbical  assimilation  want? 
con  firm  at  inn.  The  forms  named  Gonioceras,  Hall,  are  also  groupci 
as  a  subg«'nus,  on  account  of  their  ver}*  flattenetl  transverse  .•*ection 
and  the  nndulatiniis  «if  the  suture  of  their  chambens. 

With  I'egard  tn  those  Orthoccratites  possessing  a  siphon  composed 
of  spheroidal  eb-inents  of  variable  appearance,  of  which  the  principal 
ty]»es  are  O.  cinhhtitum^  Schlot.,  and  0,  uummuJanum,  Sow.,  M. 
Banaiiile  states  tlnit  he  has  unsuccessfully  attempted  to  assign  to  this 
rla^s  its  jjrnper  ))laci»  in  that  subdivision  of  Orthoceratites  which  pes- 
scssL's  a  siphon  more  or  less  straight  and  cylindrical.  This  difficulty 
is  pmduccd  by  the  gradual  tmnsition  between  the  nummuhud  and 
tlie  cylindrical  formation  of  the  elements  of  the  sijihon  among  the 
()rtho<:eratites ;  and  it  necessitates  the  distribution,  of  those  of  the 
Orthoccratites  <»f  Bnlicmia  which  are  connected  with  the  type  of 
forms  calb'd  Cnr/iJ,(fff\  among  the  different  groups,  according  to  the 
apj)  arance  of  tlieir  ornamentation. 

Cfnssi/ir.ifitni  of  the  OrfJiocrmtitis  of  Bohemia. 


Si'    liiills. 


V. 


I.  iSliort-('<nu'd  "^ 
Orthorc- 
ratilos. 


o 


Trail sver.'JC  or- 
iviiiicnt.4. 

rntt'isionnf 

11.  Lon-cnncd  f  '  h«mt:itiidinal 
OrflKK-ora-  ornaments 

titos  '      pi'wlomma- 

I  i      ting. 


Cnh'KoricH. 


T 


1 


Horizontal  or  transverse  striv.  more  or  les^ 
n-gidar. 


'2  .'Contour  of  transverse  section  triangular. 
I      O.  triantfulare. 

3  ,  TranffTerM*  Kection  circular  or  elliptical. 

4  Longitudinal  ornamentation  as  riogen.  fur* 

rowK,  edges,  bandn.  striie,  or  linM.    0. 
\     JJoricnm,  Barr.,   0.  Bacchus^  Barr..  0. 
ttncctandumt  Bsirr.,   O.  oriffincle,  Barr.. 
O.  H'oodwardif  Barr. 
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Seotions. 


a 

r 

I 

9 
I 


n.  Lons-coned 
Ormocera- 
tites  (eoH' 
tinuea). 


Categories. 


Mixed  orna- 
mentation. 


I 


f  5 


6 


8 


> 


Transvene  or- 
naments pre- 
dominating. 


Smooth  shell, 
or  alightlj 
striatedaoross. 


9 


10 


11 


12 


13 


14 


15 


16 


17 


i 


Lines  and  striaB  upon  the  whole  of  the 
length,  with  rings  towards  the  point  or 
middle  region.  O.  Bronni^  Barr.,  0, 
electrum,  Barr.,  0.  Neptune  Barr. 

Lines  and  stria)  upon  the  whole  of  the 
length,  with  rings  over  the  whole  surface. 
O.patronuSj  Barr.,  O.  pulchrum^  Barr., 
0.  psetidocalanuteumtBATr.t  0,  solitariumf 
Barr. 

Simple  longitudinal  lines,  crossed  b^  trans- 
verso  lines  of  about  equal  intensity.  0, 
sericatum,  Barr.,  0.  lorkatum,  Biur.,  0. 
mimuSf  Barr.,  O.  contextum,  Barr. 

Variable  species  in  which  sometimes  the 
longitudinal  and  sometimes  the  trans- 
verso  ornamentation  predominates.  O. 
araneosujHy  Barr.,  0.  victima,  Barr.,  0. 
mutabiley  Barr. 

Rings  upon  some  part  of  the  sur&oei  ac- 
companied onlj  by  rectilinear  or  sinuous 
transverse  striae.  0.  dulc^y  Barr.,  0,  an- 
nvlatnm^  Sow.,  O.  AgassUi^  Barr.,  O.  no- 
hUe^  Barr.,  0.  lunaticum,  Barr.,  0,  Nerep- 
duniy  Barr.,  0.  rigescens,  Barr. 

Transverse  bands  upon  the  surface,  with 
superficial  undulations,  flattened  rings, 
and  deep  grooves.  0.  pedum,  Barr.,  O. 
rivale^  Barr.,  0.  fascioiatiim^  Barr.,  0, 
aphragma,  Barr.,  0.  zonatum^  Barr. 

Transverse  strise,  which  are  dislinffuished 
by  transverse  imbrication.  0,  pleuroto- 
muiriy  Barr.,  0.  placidum,  Barr.,  0.  Janus, 
Barr.,  O.  Giebeli^  Barr. 

Transverse  stris,  showing  direct  imbrica- 
tion. 0.  SimoiSj  Barr.,  0.  Lgchas^  Barr., 
0.  timidum^  Barr.,  0.  asparaaus^  Barr. 

Transverse  strise,  without  sensible  imbrica- 
tion. O.  capax^  Barr.,  0.  Minos,  Barr., 
0.  Hctmesiy  Barr.,  0.  valens,  Barr. 

Species  with  a  lamellose  shell,  which  are 
not  included,  by  reason  of  their  more  de- 
cided characters,  in  other  groups.     0. 
severttm,  Barr.,  0.  squcmatmum,  Barr., 
O.  tndpes,  Barr.,  0.  Richteri,  Barr. 

Well-marked  transverse  stria;,  without  pro- 
nounced imbrication,  but  with  very  fine 
longitudinal  strioe  in  the  spaces  between 
the  transverse  stHje.  O.  senile,  Barr., 
0.  passer^  Barr.,  0.  Eichtoaldi,  Barr.,  0. 
Hatli,  Barr. 

Little  perforations  of  the  shell,  which  co- 
exist with  both  transverse  and  longitudi- 
nal strise.  0.  porifes,  Barr.,  0.  venustu- 
lum,  Barr.,  0,  Satitmi,  Barr.,  0.  subtile, 
Barr. 

Smooth  shell,  with  occasional  traces  of 
transverse  strise.  0.  aperiens,  Barr.,  0, 
TriUmum,  Barr.,  0,  Jrum,  Barr.,  0,  de- 
cipiens,  Barr. 
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Subgenus  Hnronia  (Group  18). — Although  our  knowledge  of 
these  fossils  is  somewhat  limited,  it  is  sufficient  to  indicate  tlmt  ihe 
shells  of  which  they  formed  a  part  were  "  long-coned,"  and  that  in 
the  great  development  of  their  siphons  they  oflfer  a  remarkable  con- 
nexion, on  the  one  hand  with  Endoc^ras,  and  on  the  other  hand  with 
the  Orthoceratites  having  a  large  nummuloid  siphon,  called  Cochhati. 
All  the  Huronice  show  a  common  and  well-marked  character,  which 
consists  in  each  of  their  elements  being  composed  of  two  very  dis- 
tinct parts,  viz. : — 

1.  Towards  the  base  there  exists  a  straight  and  cylindrical  part 
which  adjusts  itself  in  the  aperture  of  the  element  placed  imme- 
diately below.  This  part,  considered  by  itself,  represents  very  well 
an  element  of  the  siphon  of  an  Endoceras,  such  as  0.  duplet,  or  its 
analogous  form  0.  peregrinum. 

2.  Higher  up  there  is  always  a  part  more  swollen  (that  is  to  say, 
having  a  larger  diameter),  of  which  the  rounded  profile  is  comparable 
to  the  ring  of  an  Orthoceratite,  adjusted  upon  the  rectilinear  and 
lower  part  of  the  same  element.  This  upper  portion,  isolated,  re- 
presents an  element  of  a  nummuloid  siphon,  like  that  of  0,  cochlea- 
turn,  Schlot.,  or  that  of  0.  nummularium,  Sow. 

Subgenus  Endoceras,  Hall. — In  this  subgenus  are  comprised  all 
those  Orthoceratites  with  a  large  cylindrical  siphon  which  charac- 
terize the  first  phases  of  the  second  Silurian  fauna  upon  the  two 
Continents,  and  which  have  been  designated  in  the  north  of  Europe 
Vaginati,  and  in  America  Endoceras.  The  species  of  this  subgenus 
seemed  for  some  time  to  possess  a  second  characteristic  in  the  mar- 
ginal position  of  their  large  siphon.  But  the  discoveries  by  Prof.  J. 
HaU  of  E.  proieiformcy  with  a  large  siphon,  placed  at  a  distance  from 
the  side  of  the  shell,  and  by  M.  Eichwald  of  a  Bussian  species, 
E.  hctsta,  with  a  large  central  siphon,  besides  the  discovery  of  a  repre- 
sentative in  Bohemia  (0.  nova  tor),  prove  the  inconstancy  of  this  oigan 
in  these  fossils. 

Endoceras  (Group  19). — Characterized  by  the  great  dimensions 
and  cylindrical  form  of  the  siphon.  This  group  is  provisional,  as 
the  external  appearance  of  the  shell  is  not  known.  0,  peregrinum, 
Barr.,  0.  novator,  Barr.,  0,  insulcire,  Barr.,  0..t?i(p?f;r,  Wahl. 

Endoceras  (Group  20). — The  common  character  of  this  group 
consists  in  the  very  pronounced  rings  upon  the  external  surface. 
Upon  the  European  forms  these  rings  are  accompanied  by  stria 
which  follow  the  same  direction.  The  three  types  belonging  to  the 
great  northern  zone  are  0,  vaginatum,  Schlot.,  0.  trochlearit.  His., 
Endoceras  annulatum,  Hall,  while  0,  Marcoui,  Barr.,  has  been  disco- 
vered by  M.  Jules  Marcou  in  the  calcareous  lenticles  of  the  schists 
of  Phillipsburgh,  Canada,  upon  an  horizon  which  appears  to  corre- 
spond to  the  origin  of  the  second  fauna. 

Subgenus  Gonioeeras,  HalL — Up  to  the  present  time  this  group 
is  represented  by  the  single  species  figured  and  described  bj  Profl  J. 
Hall  in  1847,  under  the  name  of  Gonioeeras  aneeps.  The  two  prin- 
cipal characters  which  distinguish  this  subgenus  are  (1)  tlie  very 
flattened  coivioim^^oT^  oi  \k<&  tsansverse  section,  of  whic^  the  axes 
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are  in  the  proportion  of  1  to  4,  or  of  1  to  5,  and  (2)  the  curves 
which  indicate  the  sutures  of  the  chambers,  and  which  present  a  re- 
markable analogy  with  those  shown  by  the  sutures  of  the  chambers 
in  certain  Goniatites. 

M.  Barrande  has  not  associated  this  American  species  with  the 
Orthoceratites  which  compose  Group  2,  already  described,  the  his- 
toric type  of  which  is  0,  triangvJlare — because,  although  there  exists 
between  these  different  forms  a  certain  analogy,  they  appear  to  be 
sufficiently  distinguished  by  the  following  differences : — 

(1 )  The  triangular  section  of  the  Orthoceratites  of  Group  2  is  nearly 
in  the  form  of  an  equilateral  triangle,  with  its  three  angles  slightly 
unequal ;  but  in  G,  anceps  the  section  shows  a  very  flattened  triangle, 
of  which  the  lateral  angles  are  very  sharp,  and  very  different  from 
the  angle  at  the  summit. 

(2)  The  undulations  of  the  suture  of  the  chambers  are  very  pro- 
nounced in  G,  anceps.  On  the  contrary  nearly  all  the  forms  of 
Group  2  show  a  simple  suture. 

(3)  All  the  species  of  Group  2  are  characterized  by  the  presence 
of  an  organic  deposit,  which  fills  up  their  siphon,  in  the  form  of  ra- 
diating lamellae.  Upon  the  specimens  of  Gonioceras  yet  observed 
no  trace  of  a  similar  deposit  has  been  discovered.  Besides  these  dif- 
ferences founded  upon  the  characters  of  the  forms,  there  exists  a 
remarkable  contrast  with  regard  to  the  period  of  their  appearance. 
The  species  which  belong  to  Group  2  existed  during  the  last  phase  of 
the  Third  Silurian  fauna  in  Bohemia,  and  elsewhere  in  the  Devonian 
fauna.  On  the  contrary,  G.  anceps  belongs  exclusively  to  the  lime- 
stone of  the  Black-River  group,  which  is  equivalent  to  the  middle  of 
the  horizon  occupied  by  the  second  fauna  in  America,  and  the  part 
where  this  fauna  did  not  acquire  its  full  development.         [A.  S.] 


The  Fossil  Mollusca.  of  the  Tertiary  Basin  of  Vienna.    Vol.  II. 
Bivalves.     Nos.  17  &  18.     By  Dr.  Moritz  Hornes. 

[Die  fossile  Mollusken  des  Tertiarbeckena  von  Wien.  Von  Der  Moritz  Hornep. 
Band  II.  Bivalven.  lief.  17  &  18.  Proc.  Imp.  Geol.  Inst.  Vienna.  Dec.  3rd,  1867.] 

The  MytilacesB  are  represented  in  the  Vienna  basin  by  9  species  of 
Modiola,  1  species  of  LUhodomus,  5  species  of  Afytilus,  3  species  of 
Congeria,  and  two  species  of  Pinna, 

Of  Modiola  some  species  are  found  in  the  marls  and  sands  of  the 
Leithakalk,  while  others  (e.  g.  M.  marginata,  M,  Volhynica,  Eichw., 
and  M.  LetocJue,  Homes)  occur  exclusively  in  the  Sarmatic  beds. 

The  only  species  of  Lithodomus  which  has  been  properly  determined 
is  L,  Avitensis,  Mayer ;  but  some  small  nuclei  from  the  Leithakalk 
may  belong  to  L.  subcordatus,  D'Orb. 

Among  the  Mytili,  M.  Haidingeri  is  remarkable  for  its  abundance 
in  certain  strata,  and  for  its  peculiar  ornamentation.  Near  Gaudem- 
dorf  it  is  associated  with  a  species  the  brown  epidermis  of  which  is 
constantly  preserved.  This  has  been  regarded  as  a  young  form  of 
M,  Haidingeri^  but  is  determined  by  the  author  to  be  a  distinct 
species — M,  fuscus,  M,  oUitus,  Mich.,  and  M.  mperlus,  Horn.,  are 
remarkable  for  the  elegance  of  their  ornamentation. 
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The  Congeries  are  among  the  most  characteristic  forms  of  the 
nppormost  beds  of  the  Tertiary  basins  of  Vienna  and  Hungary,  these 
being  generally  known  amongst  Austrian  geologists  as  *'  Congerian 
strata."  The  most  important  species  in  the  neighbourhood  of 
Vienna  is  (7.  suhghbosa,  Partsch ;  but  it  seems  to  be  confined  to  that 
district.  It  is  met  with  in  immense  numbers  in  a  yellow  loam  and 
the  underlying  blue  sandy  clay  (oberer  Tegel),  associated  with  Mela- 
nopsis  Martiniana,  F^r.,  M,  Botiei,  Fer.,  Planorbis  marginatuSy  Drap., 
Cardiumapertttm,  Miinst,  Cardium  conjungenSy  Partsch,  Unioatavufy 
Partsch,  and  several  other  species  of  brackish- water  habits.  These 
strata  are  peculiar  to  the  Viennese  and  Hungarian  basins ;  and  C,  sub- 
globosa,  though  extremely  abundant  in  certain  localities,  is  very  rare 
north  of  the  Danube,  being  apparently  represented  by  other  species 
of  the  same  genus. 

Congeria  triangularis  occurs  in  the  same  division  of  the  Vienna 
Tertiaries  as  the  last  species,  but  is  never  associated  with  it,  being 
restricted  chiefly  to  Moravia  and  Hungary.  C  rJuymhoiden  is  a  new 
species,  occurring  only  at  a  few  localities  near  Funfkirchen,  in  Hun- 
gary. (7.  Partschii,  Czjzek,  is  confined  to  a  few  localities  near  Vienna 
and  in  the  Hungarian  basin,  but  is  never  associated  with  C,  stibglobosa. 
C.  CzjzeJni,  Horn.,  is  another  rare  species;  it  occurs  only  in  the  neigh- 
bourhood of  Oedenbiirg  (W.Hungary),  associated  with  C. triangularis. 
Of  the  other  species,  C,  spatulata,  Partsch,  is  very  abundant,  and  is 
found  with  C.  subglobosa,  generally  inside  it,  while  C.  amygiUdoides 
and  C  Basteroti  occur  in  marine  deposits,  the  last-named  being  com- 
mon to  the  Tertiary  basins  of  Vienna,  Bordeaux,  and  Touraine. 

The  genua  Pinna  has  yielded  two  very  large  species,  which  occiu* 
also  in  the  Subapennine  deposits ;  they  are  P.  Brocchii,  lyOrb.,  and 
P,  tetragona,  Brocchi,  and  are  found  in  the  Leithakalk  and  the  un- 
derlying marls. 

The  MalleaceflB  are  represented  by  1  species  of  Atneula  and  3  of 
Pema,  The  former  is  A,  phalcfnacm,  and  occurs  in  the  deposits  of 
Grund  and  G^udemdorf,  as  well  as  in  the  Tertiary  basins  of  Bordeaux 
and  Touraine.  Pema  Soldanii,  a  gigantic  species  of  tropical  charac- 
ter, occurs  also  in  the  Subapennine  deposits,  as  well  as  near  Asti, 
and  most  abundantly  at  the  mouth  of  the  Rhone.  P.  RoUex  and  P. 
radiata  are  new  species. 

The  PectinidiB  occurring  in  the  Vienna  basin  are  5  species  of  lAma, 
1  species  of  Limea,  19  species  of  Pecten,  1  species  of  Hinnites,  2  spe- 
cies of  PlicatuJa,  and  1  species  of  Spondglus. 

The  species  of  Lima  are  generally  found  in  the  sands  of  Grand, 
and  dosely  resemble  those  of  Touraine.  One  of  them,  L.  squamosa^ 
Lam.,  is  a  recent  species,  which  ranges  firom  the  Mediterranean  to  the 
Atlantic  coasts. 

The  only  known  species  of  Limea,  L.  strigillata,  Brocchi,  occurs  in 
the  Leithakalk  and  the  Baden  '<  Tegel,"  under  the  same  circamstanoes 
88  in  other  localities. 

The  species  of  Pecten  have  been  of  great  assistance  in  fixing  cer- 
tain stratigraphical  horizons  in  the  Vienna  basin.  The  moat  ancient 
species  is  P.  Holgtri,  Goinitz,  which  occurs  in  a  coarse  sand  reaoltiDg 
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from  the  decomposition  of  granite,  and  resting  on  that  rock.  The 
same  stratum  is  also  characterized  by  P.  solarium^  Lam.,  which  con- 
stitutes whole  layers  near  Wiedendorf,  in  the  environs  of  Erems. 
The  deposits  of  this  locality  are  connected  with  those  of  Ortenburg 
and  Vilshofen  (Bavaria),  westward  with  those  of  Anjou  and  Tou- 
raine,  and  eastward  with  those  of  Hungary  and  Asia  Minor  as  far  as 
the  plateau  of  Erzeroum.  P.  solarium  is  peculiar  to  the  extra- 
alpine  portions  of  the  Vienna  basin,  and  characterizes  a  determinate 
horizon  in  association  with  Cardium  Kuhecki,  Hauer,  and  Pectuncu^ 
lus  Fichteli,  Desh.  P,  Burdigalensis  (occurring  only  in  the  Hunga- 
rian basin,  near  Promontor  on  the  Danube)  and  P.  palmatus,  Lam., 
from  Gaudendorf,  Eggenbnrg,  Promontor,  &c.,  also  belong  to  the 
same  horizon.  P.  Beudanti,  Bast.,  and  P.  Rolld,  Horn.,  characterize 
a  somewhat  higher  series,  and  are  extremely  abundant  in  the  Echinus- 
beds  of  Gaudendorf.  P,  aduncus,  Eichw.,  is  highly  characteristic  of 
the  true  Leithakalk  and  its  sands ;  it  abounds  especially  north-west 
of  Vienna,  and  is  associated  with  P.  Toumali,  Serres.  Another 
characteristic  species  of  the  Leithakalk  ia  P,  latissimiis,  Brocchi, 
which  is  stated  to  occur  in  27  localities  in  the  Vienna  basin.  P: 
Besseri,  Andr.,  and  P.  Ldthajanus,  Partsch,  from  the  same  deposit, 
have  a  wide  extension.  The  Leithakalk  and  its  equivalents  range, 
from  west  to  east,  from  Perpignan  to  Asia  Minor,  and,  north  to 
south,  from  Malta  and  the  Morea  to  Upper  Silesia.  Probably  they 
exist  also  in  Italy,  as  the  fossils  from  Siena  and  Monte  Mario,  near 
llomc,  evidently  correspond  with  species  from  the  Vienna  basin. 

Pecten  Reussii,  Homes,  is  similar  in  sculpture  to  P.  IslandicuSf 
but  cannot  be  identified  with  it  or  any  other  living  species.  P.  «i5- 
striatus,  D'Orb.,  which  has  been  frequently  identified  with  P.  varius 
or  P.  2>i^^o,  is  regarded  by  the  author  as  referable  to  a  species  re- 
presented in  the  older  Tertiaries  of  Antwerp,  Touraine,  and  Turin, 
and  certainly  not  to  P.  pusio, 

Pecten  Malvince,  Dubois,  which  was  formerly  referred  to  P.  oper- 
cxdaris,  and  P.  elegans,  Andr.  (P.  Sarmenticus,  Goldf.),  are  also  abun- 
dant in  the  Leithakalk. 

Pecten  sepUm-radiatus,  Mull.,  P.  cristatus,  Bronn,  P.  duodecim- 
lamellatus,  Bronn,  and  P.  spinulosus,  Miinst.,  are  either  confined  to 
the  Lower  or  Baden  "  Tegel,"  or  are  most  abundant  in  that  deposit. 
The  first-named  species  exists  in  the  Mediterranean  at  the  present 
day ;  the  next  two  are  extinct,  but  abound  in  the  Italian  Subapen- 
nine  deposits ;  and  the  last,  found  rarely  at  Saubriques,  near  Dax, 
and  near  Turin,  is  otherwise  peculiar  to  the  Vienna  basin. 

The  genus  Htnnites  is  represented  only  by  some  young  specimens 
of  H,  Defrancei,  Micht. 

Two  species  of  PUcatula  (P.  mytilina,  Phil.,  and  P.  rupereUa, 
Duj.)  are  met  with  in  great  abundance,  especially  in  the  marl-beds 
beneath  the  Leithakalk. 

Of  the  Spondyli,  S.  crassicosta,  Lam.,  is  a  characteristic  species  of 
the  Lower  Neogene  deposits  of  Europe,  and  especially  of  the  Leitha- 
kalk of  the  Vienna  basin.  S.  gaderapus,  L.,  is  a  recent  species 
abundant  in  the  Mediterranean ;  and  S,  Miocamicus,  Micht.,  occuib 
at  Lapugy,  in  Transylvania.  [Cooin:  M.^ 
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On  ViTUKOus  awf  Semi  vitreous  Rocks.     Bv  Dr.  F.  Zirkf.l. 

[Piuc.  Ini)).  Gcol.  Iiwtituto,  Vienna,  Marc'b  0,  1^)8.] 

TiiK  rocks  .su1»inilted  to  microscopic  invcstigsition  by  the  autlior 
c.niie  from  the  Traohylic  regions  of  Huugary,  the  Eiiganeans,  L  t- 
h\w\,  St.  Paul,  aud  New  Zealand,  with  some  i)orphyrie.s  Iroin  Saxony. 
Thi"  siHximous  exhiliiling  devitrification  show  distinct  traces  of  tlir 
I)assa,i;e  (»f  the  rocks  fruni  ihc  liquid  to  tlie  sulid  state,  thus  airordiuj: 
derisive  juoof  tlial  f?inco  thoir  solidifiention  no  change  ha^  tikcri 
l»la(t;  in  ihi*  rel.ilive  situations  of  even  the  minutest  cry.>tallin('  con- 
tistitiunts.  Thcv  also  contain  minute  tabular  crystals  of  mairnctic 
ii'on-uro,  pri>nvs  oi'  augite  or  hornblende,  and  felspar  in  nn«TO''e'»j«i'" 
ci  vitals.  Allh«)n;,^li  sanidine  is  the  most  almndaut  of  the  felNj»athic 
ctMHlilucnlb  of  vitreous  rocks,  tiiclinic  felspar  is  of  frequ'iit  (h  i;ur- 
reni:e  ciihor  in  ist»hited  crystals  or  associated  with  sanidine.  and  is 

ft' 

(»f  mn-li  mnro  general  occurrence  than  is  usually  supposed.  ])'»th 
frl'*i>;irs  frf(juently  include  either  viti*eous  or  partially  devitrititd  suh- 
stamcs  in  aicnnlan'-e  with  those  which  sunviind  them,  thus  pmviii;: 
tliiit  the  n\ stales  nf  felspar  have  ervstallized  out  uf  the  ani«»rpli«uii 
pusle  whirh  tlu-  rock  uriginidly  consisted  of.  The  vitreous  >ubstaiiiv 
liv'«iuently  ]M-net rates  into  the  interior  of  the  crystals  in  the  form  •■f 
raiMJlic  iti«»ns.  This  is  the  rase,  also,  \nxh  the  quartz  which  somo- 
tiinis  occurs  in  certain  varieties  of  pitehstone. 

iH  the  vitreous  rocks  obsidian  is  the  must  t\']>ical,  although  th'. 
process  of  devilrilivation  has  commenced  in.it,  as  is  exhibitnl  ir. 
its  most  lidvanced  stage  in  pumice.  In  the  latter  the  fomiati>!i 
uf  ]»ores  has  iiadied  its  maximum  ;  but  such  cavities  exist  also  in 
obsitliim.  though  they  have  not  yet  been  found  to  contain  liquiil  sul»- 
stanre>.  'Jhe  viinous  granules  of  i>erlite  have  been  found  to  iiuhide 
luhiiiiti^  and  trichite  :  l)ut  tlie  crystalline  results  of  devitriticatiiMi  .tc 
(piite  ditfercnt  fn»mlhe  concentric  structure  exhibited  by  the  gniniilos 
ol'l»i;lile.  The  same  may  be  said  of  the  granules  of  spherulitc  and 
th    f(!>.]j  11*  and  magnesian  mica  crystallized  out  of  them. 

The  tr.M'hytic  porphyri(?s  goneralh'  present  traces  of  ]»rogressive 
di'vilrili'-aliuii.  In  the  Iceland  rocks  sanidine  is  most  abundant:  but 
tlse  I  xi  .t'l.re  of  triclinic  felspar  lias  been  carefully  ascertained,  and 
its  ciy.-t::l.^  havr  hi-en  found  to  contain  numerous  i>oros,  generally 
iilh  d  with  pisLous  substances,  but  vsometimes  with  crystals  of  quart/. 
A  V  iriity  of  pitchsione  fi*om  the  Island  of  Arran  presents  a  gixni 
in^tau(  e  of  vitiilied  an<l  devitiitied  substance's  in  crystals  of  quartz 
hriving  nniformly  nn  hexagonal  form. 

Tiie  older  pitehstone  (euritic  pitehstone)  is  composed  of  a  vitreous 
sid)sianre  with  simple  i*efraction,  and  of  a  double-refracting  eurilic 
material,  with  scarcely  any  admixture  of  belonite,but  intersjwrsed  with 
sanidine  (inilnding  vitreous  material),  tricliuic  felspar,  quartz  (with 
nnnieious  p(«res  C'Hitaining  liquids),  and  black  mica.  The  formation 
of  «  nrite  mu-t  conseijuently  have  taken  place  at  the  moment  of  solidili- 
eation,  and  cannot  he  aM-ribed  to  a  8ubse<|uent  metamoqihosis.  The 
connexion  bctwi-en  piteh-stone  and  euritic  i>orphjTy,  which  has  long 
bcf-n  admit t<d  on  get )'ogical  grounds,  is  thus  eonftnncd  by  the  micro- 
scopic inve.-tip;ivti(»u  of  the  specimens  described  by  Pr.  Zirkel,  which 
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